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PRESIDENT

M. Jagadesh Kumar,
Chairperson,

University Grants Commission,
New Delhi.

MEMBERS

Dipankar Bhattacharya,
Distinguished Professar,
IUCAA, Pune

Srivari Chandrasekhar,

Secretary,

Department of Science and Technology,
New Delhi

K.V.R. Chary,

Director,

Indian Institute of Science Education
& Research,

Berhampur

Virander S. Chauhan,

New Delhi

Pravabati Chingangbam,
Indian Institute of Astrophysics,
Bengaluru

Arnab Rai Choudhuri,
Indian Institute of Science,

J. Gowrishankar,

Director,

Indian Institute of Science Education
& Research,

Mohali

Yashwant Gupta,

Centre Director,

National Centre for Radio Astrophysics,
Pune.

Rajnish Jain,

Secretary,

University Grants Commission,
New Delhi.

Sudhir K. Jain,
Vice-Chancellor,

Banaras Hindu University,
Varanasi

Nitin Karmalkar,
Vice-Chancellor,
Savitribai Phule Pune University.

K. Kasturirangan,
(Chairperson, Governing Board)]
Raman Research Institute,
Bengaluru.

Avinash Khare,
Vice-Chancellor,
Sikkim University,

S.K. Pandey,

Former Vice-Chancellor,

Pt. Ravishankar Shukla University,
Raipur.

Sangita Srivastava,
Vice-Chancellar,
University of Allahabad,
Prayagraj

S. Somanath,

Chairman

Indian Space Research Organization,
Bengaluru

Nagesh Thakur,
Himachal Pradesh University,
Shimla

MEMBER SECRETARY

Somak Raychaudhury,
Directaor,
IUCAA, Pune.

SPECIAL INVITEE

Manju Singh,

Joint Secretary,

University Grants Commission,
New Delhi.

Bengaluru Ganatok The following members have served
angtok. on the Council for part of the year.
K.N. Ganesh,
Director, S_ourav Pal, Rupamanjari Ghosh
Indian Institute of Science Education Director, . . V.K. Jain
and Research Indian Institute of Science Education Shekhar Mande
. ) ’ & Research ;

Tirupati. ’ S.K. Singh

P Kolkata "9
THE GOVERNING BOARD (s on March 31, 2022)
CHAIRPERSON Virander S. Chauhan Sourav Pal
K. Kasturirangan Arnab Rai Choudhuri Nagesh Thakur

J. Gowrishankar Somak Raychaudhury

MEMBERS
Dipankar Bhattacharya

K.V.R. Chary

Yashwant Gupta
Rajnish Jain

Nitin Karmalkar

(Member Secretary])

Manju Singh
(Special Invitee]
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THE ACADEMIC
PROGRAMMES COMMITTEE

Somak Raychaudhury
(Chairperson])

Dipankar Bhattacharya
(Convener]

Sukanta Bose
Debarati Chatterjee
Subhadeep De
Gulab C. Dewangan
Neeraj Gupta
Ranjeev Misra

Sowgat Muzahid

T. Padmanabhan

Aseem S. Paranjape

A.N. Ramaprakash

Kanak Saha

Nishant K. Singh
Raghunathan Srianand
Kandaswamy Subramanian
Durgesh Tripathi

THE STANDING COMMITTEE
FOR ADMINISTRATION

Somak Raychaudhury
(Chairperson)

Dipankar Bhattacharya
Kandaswamy Subramanian

THE FINANCE COMMITTEE

K. Kasturirangan
(Chairperson)

Niranjan V. Abhyankar
(Non-member Secretary]

Dipankar Bhattachraya
Yashwant Gupta
Rajnish Jain

Somak Raychaudhury

Sanjit Mitra P.K. Thakur
Surhud S. More Niranjan V. Abhyankar

Dipanjan Mukherjee (Member Secretary]

MEMBERS OF IUCAA

ACADEMIC Dipanjan Mukherjee Varun Sahni

Somak Raychaudhury
(Director]

Dipankar Bhattacharya
(Dean, Core Academic Programmes)

Kandaswamy Subramanian
(Dean, Visitor Academic Programmes)

Sukanta Bose
Debarati Chatterjee
Subhadeep De
Gulab C. Dewangan
Neeraj Gupta
Ranjeev Misra
Sanjit Mitra
Surhud S. More

Sowgat Muzahid

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

Nishant K. Singh

Tarun Souradeep

(On Deputation]
Raghunathan Srianand
Durgesh Tripathi

EMERITUS 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

Hitesh P. Deshmukh
Samir A. Dhurde
Suresh Doravari
Gajanan B. Gaikwad
Apratim Ganguly
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Santosh B. Jagade
Bhushan S. Joshi
Diana Joy

Shivaraj Kandhasamy
Ravi Kesharwani
Pravin V. Khodade
Abhay A. Kohok
Sankar Majhi

Vilas B. Mestry
Ashish A. Mhaske
Shashikant G. Mirkute
Deepa Modi
Anupreeta S. More

N. Nageswaran

Nitin D. Ohol

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

Vijay Kumar M. Rai
Chaitanya V. Rajarshi
Hemant K. Sahu

T.R. Saravanan
Harshad L. Sawant
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
Manjiri 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

POST-DOCTORAL FELLOWS

Tek P. Adhikari

Md. Shah Alam

Megha Anand

Ramya M. Anche
Srimanta Banerjee

Rahul Basu

Apurba Bera

Sayantani Bera
Krishnakanta Bhattacharya
Souradeep Bhattacharya
Yashpal Bhulla

Sujaya Das Gupta

Prasun Dhang

Savithri H. Ezhikode
Avyarthana Ghosh
Ritesh Ghosh

Shabnam S. lyyani

Annu Jacob

Stanley Johnson
Rukaiya Khatoon

Sushma Kurapati
Preetish K. Mishra
Sapna Mishra

Ayan Mitra

Abhisek Mohapatra
Chayan Mondal
P.Prasia

Sreejith Padinhatteeri
Isha Pahwa
Abhishek Paswan
Dhruv Pathak
Priyanka Rani
Divya Rawat

Ashif Reza

Zahir A. Shah
Ramkishor Sharma
Srishti Tiwari

Aditi Vijayan

RESEARCH SCHOLARS

Debabrata Adak
Deepali Agarwal

P. Aromal

Bhaskar Arya
Eshita Banerjee
Nilaksha Barman
Yash D. Bhargava
Rajendra P. Bhatt
Bhaskar Biswas
Suvas C. Chaudhary
Navin L. Chaurasiya
Sorabh Chhabra
Sunil Choudhary
Sayak G. Datta
Partha P. Deka
Saee M. Dhawalikar
Sayak Dutta

Piyali Ganguly
Shalabh Gautam
Priyanka Gawade
Suprovo Ghosh
Tathagata Ghosh
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Kishore Gopalakrishnan
Labanya K. Guha
Shreejit P. Jadhav
Manish Kataria

Amit Kumar

Shrabani Kumar
Kavita Kumari
Sourabh S. Magare
Siddharth Maharana
Soumak Maitra
Biswanath Malaker
Sukanya Mallik
Ankush Mandal
Soumil Maulick

M. Meenakshi

Anuj Mishra

Swagat S. Mishra
Samanwaya Mukherjee
John A. Paice

Pushpak Pandey
Dhruv Pandya

Bikram K. Pradhan
Jyoti Prakash

Vaishak Prasad

V. Premvijay

Abhishek Rajhans
Sujatha Ramakrishnan
Divya Rana
Prathamesh P. Ratnaparkhi
Soumya Roy

Parisee Shirke
Swarnim S. Shirke
Gitika P. Shukla
Kanchan Soni

Pranjal A. Tambe
Avinash Tiwari

Prakash Tripathi
Vishal Upendran
Saurabh S. Yeole

TEMPORARY/PROJECT/CONTRACT

Prakash Arumugasamy
Sankalpa Banerjee
Ankit V. Bhandari
Sagar J. Bhosale
Pradnya Bhoye
Dhanraj Borgaonkar
Isita Chatterjee

V. Chellathurai
Malathi Deenadayalan
Rushikesh Deogaonkar
Avinash Deshpande
Pratik A. Dabhade
Pradnya S. Dhere
Suraj Dhiwar

Sharad G. Gaonkar
Anshu Gupta

Ranjan Gupta

Mandar M. Hulsurkar
Vaishnavi V. Jagtap
Melvin James

Vibha Jha
Soumyaranjan Jhankar
Aniket P.Kadu
Rupesh P. Labade

D. Mahanthesha
Mousumi Mahato
Namrata S. Mali
Madhusudan D. Malve
Nitin Mamgain

Rahul Mane

Prabhat Manna
Jameer Manur
Shrikant R. Mishra
Shreeram V. Muley
Madhuri D. Pacharne
Vishakha Pardeshi
Atharva U. Pathak

Shivani S. Pethe
Rohini S. Pokale
Sarah Ponrathnam
Atharva A.Pore
Vipul Prasad

T.S. Raghavendra
G. Rahul
Harshada Raundal
Jayashree Roy
Dhurba J. Saikia
Janmejoy Sarkar
Vaibhav N. Savant
Vithal S. Savaskar
Balaji V. Sawant
Pallavi V. Sawant
N. Shekar

Rajshri Shinde

S. Sudhagar
Sonal K. Thorve
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10.

11

12.

13.

14.

15.

16.

17.

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

Gazi A. Ahmed, Department of Physics,
Tezpur University.

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

Sampurn Anand, Department of
Physics, Central University of Tamil
Nadu, Thiruvarur.

Rizwan U. Ansari, Department of
Physics, Maulana Azad National Urdu
University, Hyderahad.

Bijan K. Bagchi, Department of
Physics, Shiv Nadar University, Noida.

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

Arunima Banerjee, Department of
Physics, IISER, Tirupati.

Indrani Banerjee, Department of
Physics and Astronomy, NIT, Rourkela.

Shyamal K. Banerjee, School of Basic
Sciences and Research, Sharda
University, Noida.

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

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

Aru Beri, Department of Physics, IISER,
Mahali

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

Rashmi Bharadwaj, School of Basic
and Applied Sciences, Guru Gohind
Singh Indraprastha University, Delhi.

Priya Bharali, Department of Physics,
Mahatma Gandhi Government Arts
College, Mahe, Pandicherry.

Bari M. Bhat, Department of Physics,
Islamic University of Science and
Technology, Awantipora.

18.

19.

20.

21.

2e.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Naseer |. Bhat, Department of Physics,
University of Kashmir, Srinagar.

Tabasum M. Bhat, Department of
Physics, Government College for
Women,Srinagar.

Srijit Bhattacharjee, Department of
Physics, IlIT, Allahabad.

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

Subhra Bhattacharya, Department of
Mathematics, Presidency University,
Kolkata.

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

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

Debasish Barah, Department of
Physics, IIT, Guwahati.

Koushik Chakraborty, West Bengal
Educational Service, Burdwan.

Subenoy Chakrahorty, Department of
Mathematics, Jadavpur University,
Kolkata.

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

Hum Chand, Department of Physics
and Astronomical Sciences, Central
University of Himachal Pradesh,
Dharamshala.

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

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

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

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

35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49,

. Suchetana Chatterjee, Department of

Physics, Presidency University,
Kolkata.

Asis K. Chattopadhyay, Department of
Statistics, University of Calcutta,
Kolkata.

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

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

Raghavendra Chaubey, DST Centre for
Interdisciplinary and Mathematical
Sciences, Banaras Hindu University,
Varanasi.

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

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

Raka V. Dabhade, Department of
Physics, Fergusson College, Pune.

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

Himadri S. Das, Department of
Physics, Assam University, Silchar.

Shyam Das, Department of Physics,
Malda College, Malda.

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

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

Bhurjati P. Datta, Department of
Mathematics, University of North
Bengal, Siliguri.

Kanan K. Datta, Department of
Physics, Presidency University,
Kolkata.

Sukanta Deb, Department of Physics,
Cotton College State University,
Guwahati.
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50.

51.

52,

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Partha S. Debnath, Department of
Physics, A. P. C. Roy Government
College, Siliguri.

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

Shantanu Desai, Department of
Physics, IIT, Hyderabad.

Reshma S. R. Dessai, School of Physical
and Applied Sciences, Goa University.

Shanti P. Devarapalli, Department of
Astronomy, Osmania University,
Hyderabad.

Anoubam S. Devi, Department of
Physics, Manipur University Imphal.

Maon M. Devi, Department of Physics,
Tezpur University.

Vijayakumar H. Doddamani,
Department of Physics, Bangalare
University, Bengaluru.

Broja G. Dutta, Department of Physics,
Rishi Bankim Chandra College, West
Bengal.

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

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

Sudip K. Garain, Department of Physics,
Gitam Institute of Science, (Deemed to
be University), Visakhapatnam.

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

Abhik Ghosh, Department of Physics,
Banwarilal Bhalotia College, Asansal.

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

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

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

8e.

83.

Sutapa Ghosh, Department of Physics,
Taki Government College, Kolkata.

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

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

Rupjyoti Gogoi, Department of
Physics, Tezpur University.

Gaurav Goswami, School of Arts and
Sciences Ahmedabad University.

Umananda D. Goswami, Department
of Physics, Dibrugarh University.

Aruna Govada, Department of
Computer Engineering, Government
Polytechnic, Daman & Diu.

Shivappa B. Gudennavar, Department
of Physics, Christ [Deemed to be]
University, Bengaluru.

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

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

K.P. Harikrishnan, Department of
Physics, The Cochin College, Kachi.

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

Golam M. Hossain, Department of
Physical Sciences, IISER, Kolkata.

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

Joe Jacaob, Department of Physics,
Newman College, Thodupuzha.

Rinku Jacaob, Department of Basic
Sciences and Humanities, Rajagiri
School of Engineering and Technalogy,
Kakkanad, Kochi.

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

Rajeev K. Jain, Department of Physics,
[ISc, Bengaluru.

84.

85.

86.

87.

88.

89.

90.

91.

9e.

93.

94.

9s.

96.

97.

98.

98.

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

Jessy Jose, Department of Physics,
[ISER, Tirupati.

Minu Jay, Department of Physics,
Alphonsa College, Pala.

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

Sathya Narayanan K., Department of
Physics, The Cochin College, Kachi.

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

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

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

Nishikanta Khandai, Schoal of Physical
Sciences, NISER, Khurda,
Bhubaneswar,

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

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

Nagendra Kumar, Department of
Mathematics, MMH Callege,
Ghaziabad.

R.K. Sunil Kumar, Department of
Information Technology, Kannur
University.

Sanjay Kumar, PG Department of
Physics, Patna University.

Suresh Kumar, Department of
Mathematics, Indira Gandhi University,
Meerpur.

Honey M., Department of Physics,
SARBTM Government College,
Koyilandy, Kozhikode.

100.Vinjanampaty Madhurima,

Department of Physics, Central
University of Tamil Nadu, Thiruvarur.
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101.Smriti Mahajan, Department of
Physics, IISER, Mohali.

102.Bibhas R. Majhi, Department of Physics,
[IT, Guwahati.

103.Liton Majumdar, Department of
Physics, NISER, Bhubaneswar.

104.Shiva K. Malapaka, Department of
Physics, llIT, Bengaluru.

105.Manzoar A. Malik, Department of
Physics, University of Kashmir,
Srinagar.

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

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

108.Ram A. Maurya, Department of
Physics, NIT - Calicut, Kozhikode.

109.Biman J. Medhi, Department of Physics,
Gauhati University, Guwahati.

110.Irom A. Meitei, Department of Physics,
Madern College, Imphal.

111. Hameeda Mir, Department of Physics,
Government Degree Callege, Srinagar.

112.Mubashir H. Mir, Department of
Physics, Government Degree College,
Bandipora.

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

114.Sourav Mitra, Department of Physics,
Surendranath College, Kolkata.

115.Kamakshya P. Modak, Department of
Physics, Brahmananda Keshah
Chandra College, Kolkata.

116.Sajahan Molla, Department of Physics,
New Alipore College, Kolkata.

117.Aditya S. Mondal, Department of
Physics, Visva-Bharati University,
Santiniketan.

118.Saptarshi Mondal, Department of
Physics, Bethune Callege, Kalkata.

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

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

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

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

123.Kamal K. Nandi, Department of
Mathematics, University of North
Bengal, Siliguri.

124.Rajesh K. Nayak, Department of
Physical Sciences, IISER, Kolkata.

125.Sachin P.C., Department of Physics,
Fatima Mata National College, Kallam.

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

127.Barun K. Pal, Department of Physics,
Netaji Nagar College for Women,
Kolkata.

128.Biswajit Pandey, Department of
Physics, Visva-Bharati University,
Santiniketan.

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

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

131.Uma Papnoi, Department of Physics,
Gurukul Kangri (Deemed to be
University], Vishwavidyalaya Haridwar.

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

133.Kishar D. Patil, Department of
Mathematics, Vivekanand Science
College, Buldhana.

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

135.Bikash C. Paul, Department of Physics,
University of North Bengal, Siliguri.

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

137.Devraj D. Pawar, Department of
Physics, RJ College, Mumbai.

138.Ninan S. Philip, Artificial Intelligence
Research and Intelligent Systems,
Thelliyoar, Kerala.

139.Ananta C. Pradhan, Department of
Physics and Astronomy, NIT, Rourkela.

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

141.Ramprasad Prajapati, School of
Physical Sciences, Jawaharlal Nehru
University, New Delhi.

142.Anisur Rahaman, Durgapur
Government College Durgapur West
Burdwan.

143.Farook Rahaman, Department of
Mathematics, Jadavpur University,
Kolkata.

144.Rakhi R., Department of Physics, NSS
College, Pandalam.

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

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

147.Shantanu Rastogi. Department of
Physics, DDU Gorakhpur University.

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

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

150.Biplah Raychaudhuri, Department of
Physics, Visva-Bharati University,
Santiniketan.

151. Prabir Rudra, Department of
Mathematics, Asutosh Callege,
Kolkata.
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152.Aswathy S. Department of Physics,
Providence Women's College,
Kozhikode.

153.Sunil Kumar S., Department of
Physics, IISER, Tirupati.

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

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

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

157.Gauranga C. Samanta, PG Department
of Mathematics, Fakir Mohan
University, Balasore.

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

159.Biplob Sarkar, Department of Applied
Sciences, School of Engineering,
Tezpur University.

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

161.Subrata Sarangi, Department of
Physics, Centurion University of
Technology and Management,
Bhubaneswar.

162.Sudipta Sarkar, Department of
Physics, IIT, Gandhinagar.

163.Tamal Sarkar, High Energy and Cosmic
Ray Research Centre, University of
North Bengal, Siliguri.

164.Anjan A. Sen, Centre for Theoretical
Physics, Jamia Millia Islamia, New
Delhi.

165.Asoke K. Sen, Department of Physics,
Assam University, Silchar.

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

167.Anand Sengupta, Department of
Physics, IIT, Gandhinagar.

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

169.Aishawnnya Sharma, Department of
Physics, Bahona College, Jorhat.

170.Ranjan Sharma, Department of
Physics, Cooch Behar Panchanan
Barma University.

171.Rathin Sharma, Department of
Physics, Rahindranath Tagore
University, Hojai.

172.Umesh K. Sharma, Department of
Mathematics, GLA University, Mathura.

173.Amit Shukla, Discipline of Astronomy,
Astrophysics and Space Engineering,
[IT, Indare.

174.Alkendra Singh, Department of
Physics, Institute of Science, Banaras
Hindu University, Varanasi.

175.Gyan P. Singh, Department of
Mathematics, Visvesvaraya National
Institute of Technaology, Nagpur.

176.Harinder P. Singh, Department of
Physics and Astrophysics, University
of Delhi.

177.Heisnam S. Singh, Department of
Physics, Rajiv Gandhi University,
Arunachal Pradesh.

178.Monika Sinha, Department of Physics,
IIT, Jodhpur.

179.Surendra N. Somala, Department of
Civil Engineering, IIT, Hyderabad.

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

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

182.L. Sriramkumar, Department of
Physics, IIT - Madras, Chennai.

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

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

185.Vithal P.S. Tilvi, Department of Physics,
Government College of Arts, Science
and Commerce, Khandola, Goa.

186.Sunil K. Tripathy, Department of
Physics, Indira Gandhi Institute of
Technology, Orissa.

187.Vinutha Tummala, Department of
Applied Mathematics, Andhra
University, Visakhapatnam.

188.Rashmi Uniyal, Department of Physics,
Government Degree Callege,
Narendranagar, Uttarakhand.

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

190.Sudhaker Upadhyay Department of
Physics, KLS College, Nawada, Bihar

191.Anisul A. Usmani, Department of
Physics, Aligarh Muslim University.

192.Nilkanth D. Vagshette, Department of
Physics and Electraonics, Maharashtra
Udaygiri Mahavidyalaya, Udgir.

193.Deepak Vaid, Department of Physics,
NIT, Surathkal.

194.Bhargav P. Vaidya, Discipline of
Astronomy, Astrophysics and Space
Engineering, IIT, Indore.

195.Murli M. Verma, Department of
Physics, University of Lucknow.

196.Jaswant K. Yadav, Department of
Physics, Central University of Haryana.

197.Lalthakimi Zadeng, Department of
Physics, Mizoram University, Aizawl.
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The Thirty-Second batch (2021) of Visiting Associates, who were selected for a tenure of three years,
beginning August1,2021.

Sampurn Anand Indrani Banerjee Partha Debnath Reshma Raut Desai Sudip K Garain
Golam M Hossain Bibhas Majhi Bari Magbool Tabasum Masood
Biman J Medhi Sajahan Molla Sachin PC Aswathy S
S Sarangi Aishawnnya Sharma Amit Shukla Vithal Tilvi

Appointment of the following Visiting Associates of the Twenty-Ninth batch was extended for three years from August 2021:

Gazi A. Ahmed, Rizwan U. Ansari, Shyamal K. Banerjee, Prasad Basu, Piyali Bhar, Ritabrata Biswas, Debasish Borah, Koushik
Chakrabarty, Laxmikant Chaware, Mamta Dahiya, Shanti P. Devarapalli, Anoubam S. Devi, Vijayakumar H. Doddamani, Broja G.
Dutta, Jibitesh Dutta, Suman Ghosh, Tuhin Ghosh, Sarhari Guha, Priya Hasan, Joe Jacab, Deepak Jain, Rajeev K. Jain, K. Jeena,

Charles Jose, Jessy Jose, Minu Jaoy, Nishikanta Khandai, Sourav Mitra, Kamakshya P. Modak, Soumen Mondal, Hemwati
Nandan, and Rajesh K. Nayak.
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The Director

Somak Raychadhury
Dipankar Bhattacharya, Gulab Dewangan,
Head, Head,
Computing Facilities Teaching Programmes
Aseem Paranjape, Durgesh Tripathi,
Head, Head,
Dean, Publications Library
Core Academic Programmes
Dipankar Bhattacharya
A.N. Ramaprakash,
Head,
Instrumentation

R. Srianand,
Head, Surhud More,
Observing Programmes Head,
(at 1GO and SALT] Public Outreach Programmes
Ranjeev Misra, Somak Raychaudhury,
Head, Head,
Dean, Scientific Meetings Infrastructural Facilities
Visitor Academic Programmes
Kandaswamy Subramanian
Ranjeev Misra, Kandaswamy Subramanian,
Head, Head,
ICARDs Grievance Cell
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In over three decades, one of the main
objectives of IUCAA has bheen to become
and remain a Centre of Excellence in
education, training and research amaong
Indian Universities. Our robust and
flourishing research programme is
among the bestin the world in Astranomy
and Astrophysics [A&A] and related
subjects.

IUCAA was set up to promote nucleation
and growth of active groups in AGA in
Indian Universities and Colleges, and to
provide general guidance and help for
AGA activities in India and neighbouring
countries. IUCAA has always put in the
best effort to achieve these objectives,
and has maintained the emphasis on
fundamental research and innovative
teaching in almaost all areas of AGA. Not
only has an Astronomy Centre for
Education (IUCAA-ACE] been set up at
IUCAA, with a National Resource Centre of
the Ministry of Education for producing
online courses, over the last year a new
feather has been added to this cap. The
International Astronomical Union has
established a centre of its Office of
Education [IAU-0AE] at IUCAA, which will
be partof the IUCAA-ACE activities.

Over the last decade, IUCAA has assumed
a leading role in mega-projects of
nationalimportance, including LIGO-India
and the Thirty Metre Telescope, and is a
significant contributing partner in the
Square Kilometre Array and various space
projects of ISRO, including AstroSat, and
Aditya-L1, whose launch is imminent.
The AstroSat Science Support Cell has
been functioning very well with financial
support from ISRO, through which
members of IUCAA and substantial
number of Visiting Associates and their
students could collect and analyse
observational data, and publish a number
of research papers in leading journals
such as Nature, making a substantial
impact.

During the last academic year, IUCAA,
together with the Savitribai Phule Pune
University, has started an MSc
programme leading to a Physics with
Astrophysics degree. In this programme,
the entire second year will be taught by
IUCAA faculty, along with supervision of a
project for each student. In parallel, Anew
generation of IUCAA Centres for
Astronomy Research and Development
(ICARDs] have been set up all through the
country, to enhance teaching and
research in Indian Universities/ Colleges.
Currently these are at Cooch Behar, Delhi,
Manipal, Nanded, Kochi, Kolkata,
Gorakhpur, Haridwar, Indore, Kozhikode,
Raipur, Pilani, Silguri, Srinagar (J&K],
Tezpur and Thodupaza, Workshops for
academics in the region are being
organised atthese Centres.

A Precision and Quantum Measurement
laboratory has been established in [UCAA,

as a part of the DST's nationwide
Quantum initiative QUEST. This facility
offers to build one of the most sensitive
optical atomic clocks at 467 nm
wavelength, and will also aid the training
of various young researchers for laser-
related activities for LIGO-India.

IUCAA currently has 27 core members of
faculty, including the Director, 6 Emeritus
Professars, 3 Visiting and Adjunct
Professars, 31 Postdoctoral fellows and
67 PhD students. There are 37 Scientific
and Technical Staff and 30 members
of Administrative staff. Ten students
obtained their PhD during the last year.

| am very proud indeed to say that the
academic members published 247 peer-
reviewed papers in the previous vyear,
with a mean impact factor of 3.34. This
shows that our colleagues are not just
very productive in research of the highest
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quality, but they are making a substantial
impact on the subject at the national and
international levels. Even mare gratifying
is the fact that the 197 Visiting Associates
of IUCAA, who are faculty members at
Indian Universities and Colleges,
supported in their research by IUCAA,
have published 411 peer-reviewed
papers during the same period, with a
mean impact factor of 4.32. This number
has increased over the years, and clearly
indicates the impact IUCAA has had in
promoting and nurturing AGA 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.

The High-Performance computing
facilities at IUCAA has now a capacity of
0.5 petaflops, being ranked 10th in India,
and its storage has been upgraded by
another 1.2 petabytes in the last six
months. 42% of the time of this system is
now used by non-IUCAA users in Indian
Universities by remote login.

Among the various academic honours
bestowed upon members of the IUCAA
faculty, Kanak Saha has been awarded
the Shanti Swarup Bhatnagar Award for
the Physical Sciences, CSIR, for 2021, S.V.
Dhurandhar has been elected Fellow,
Indian National Science Academy [INSA],
and Sukanta Bose has been elected
Fellow, Indian Academy of Sciences
(IASc). Tarun Souradeep has been
appointed Director, Raman Research
Institute, Bengaluru, on deputation from
IUCAA, and Dipankar Bhattacharya will
join Ashaoka University as the Sunanda &
Santimay Basu Chair Professor in
Astrophysics from April, an lien.

IUCAA has continued to be in the forefront
of science popularisation and outreach
activities for high school students and the
general public. Regular Lecture /

Demonstration Programmes for local
schoal students have been conducted,
and are very popular. During this year,
coming out of pandemic restrictions, we
have been able to hold both online and
limited in-person events, and in the
process have been reaching much larger
numbers all over the country. The
National Science Day was conducted over
two days (27-28 February] online with
virtual reality tours of our facilities plus
talks and interactive events, with over
65,000 participantsinthelive events, and
many more viewing the programmes
online since then. 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. All these activities
owe a great deal to the hard work by our
talented staff [core and contractual] at
IUCAA. | wish to express my sincere
gratitude to every one of them.

The Pune Knowledge Cluster (PKC] was
established in 2020, by the Office of The
Principal Scientific Advisor, Gol under
The City Knowledge and Innovation
Cluster Initiative, as one of six city-
based initiatives in India. The nodal
administrative agency of PKC is IUCAA
and its functioning is facilitated
by the office of the Director, IUCAA.
The PKC aims to bring together Academic
Institutions, R&D organizations,
Industries, Industry Assaociations, NGOs,
Civic Bodies, Local and State government
bodies to collectively work for the
betterment of Pune City by optimally
utilising science and technology
capabilities of its partner organizations.
The main projects being worked on are
extensive COVID-19 related analysis and
modelling, Sustainable mobility and
Environmental projects including
improving urban tree cover.

We deeply mourn the loss of Dr Thanu
Padmanabhan (10 March 1957-17
September 2021), Padma Shri and
Distinguished Professor, who was a
member of the core Faculty of IUCAA,
since 1992, and served as Dean of Core
Academic Programmes during 1997-
2014.1express our heartfelt condolences
to the bereaved family and friends. He will
be remembered as a central figure in the
history of IUCAA.

| would alsao like to express my deepest
gratitude to our mentors, our Governing
Board with Dr K. Kasturirangan as Chair,
and our Council, chaired by Dr M.
Jagadesh Kumar, and also the outgoing
Chair, the previous Chairman of the UGC,
Dr. Dhirendra P. Singh. We sincerely
acknowledge the help, advice and support
from the University Grants Commission
and its officers and staff, and from
the Ministry of Education (previously
Human Resource Development] of the
Governmentof India.

Somak Raychaudhury
Directar, IUCAA

12






"ANNUAL
REPORT
2021-22

IUCAA IN NUMBERS

IUCAA Family
across the Years

Since its inception, the
IUCAA extended family of
Visiting associates has seen
a steady growth over time,
with the academic strength
today nearly thrice it's
originalnumber.

Visitors to
IUCAA

Along with the Academics
and the Associates, IUCAA
hosts researchers from
all over the globe. As
the pandemic restrictions
are being removed, the
institute has opened its
gates once again to science
enthusiasts.
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IUCAA
Visiting Associates
across India

IUCAA reaching out to the
researchers from all over
the country through its
Assaciateship Programme.
Making resources available
to students all across the
country.

Publications
across the year

The number of Publications by IUCAA visiting Associates are underestimated.
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Public Outreach
Events at IUCAA

The pandemic has helped
IUCAA reach maximum
number of people from all
over the world. Making the
various events accessible to
everyone.

Workshops / Schools
at IUCAA and
Outside IUCAA

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
atIUCAA

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

17
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Southern African Large Telescope [SALT] is
the largest optical telescope operating in
the southern hemisphere at Sutherland,
South Africa. IUCAA is one of the partner
institution with ~6.5% (typically ~20
observing nights per year]) share in this
telescope. Astronomers from IUCAA use
SALT mainly for spectroscopic studies. In
the past couple of years they have carried
out several systematic surveys using SALT.
Here we summarise main research
highlights of these surveys.

SALT survey of MIR selected powerful
radio bright AGN at 0<z<3.5: |UCAA
astronomers (Neeraj Gupta & R. Srianand)
and their international collaborataors have
carried out a systematic survey of high-z
radio bright quasars using SALT and the
Nordic Optical Telescope. The main aim of
this survey is to identify dust unbiased
sample of z>1.5 radio-loud quasars that can
be used as the main targets of MeerKAT
Absorption Line Survey (MALS]). The targets
were selected based on the radio flux at L-
hand being more than 200 mJy and infrared
colors consistent with them being at z>1.5.
These selections ensured that high-z
quasars were identified in a dust unhiased
way.This survey has resulted in the
identification of 250 new quasars (biggest
sample till date for radio bright sources with
a medial redshift of 1.8), 26 blazar
candidates and 27 radio sources without
optical counterparts. As expected, the
sources in this sample are optically fainter
and redder than the typical radio-selected
quasars, and representative of fainter
quasar population detected in optical
surveys. About 20% of the sources in this
sample are narrow-line AGN (NLAGN]-65%
of these, at z < 0.5 are galaxies without
strong nuclear emission,and 10% atz>1.9,
have emission line ratios similar to radio
galaxies. The farthest NLAGN in this sample
is M1513-2524 (z = 3.132), and the largest
radio source (size ~330 kpc) is M0S0S-
3133 (z = 0.884). Despite representing the
radio loudest quasars (median R = 3683],
the Eddington ratios measured for these
quasars are similar to the Sloan Digital Sky
Survey quasars having lower R. Full catalog
of this quasar sample with supplementary
information regarding optical and radio
properties are presented in a recent paper
appeared in ApJ. Systematic search for HI

21-cm and OH absorption along the lines-
of-sight to these quasars is underway using
MeerKAT.

SALT survey of spatially resolved Ly-a
emission around radio bright quasars:
Detailed investigations of the spatial
distribution, kinematics, and excitation of

the gas traced by the extended Ly a
emission can provide vital clues on various
feedback processes that drive star
formation and AGN activities in high- z
galaxies. IUCAA astronomers (Gitika Shukla,
R. Srianand & Neeraj Gupta) and their
international collaborators have used the
SALT to perform long-slit spectroscaopic
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observations of 23 newly discovered radio-
loud quasars [RLQs] at2.7<z<3.3 from the
SALT survey. Their sample consists of
powerful AGN brighter than 200 mJy at 1.4
GHz and is selected on the basis of mid-
infrared colours i.e. unbiased to the
presence of dust. Based on this survey they
reported seven confirmed and five tentative
detections of diffuse Ly ® emission in the
sample. They derived all the properties of
diffuse Ly a emission and explored in detail
its relationship to different quasar
properties. They found strong dependence
of Ly a halo detection rate on the extent of
radio source, spectral luminosity of RLQ at
420 MHz, presence of associated C IV
absorption and nuclear He Il emission line
equivalent width. As seen in previous
surveys, the full width at half-maximum of
diffuse Ly a emission in the case of
confirmed detections are much higher (i.e.
>1000 km/s in all, except one). Using the
samples of high-z radio-loud quasars and
galaxies from literature, they confirmed the
correlation between the Ly a halo luminasity
and its size with radio continuum
luminaosity. The same quantities are found
to be correlating weakly with the projected
linear size of the radio emission. This
sample is the second largest sample of
RLQs being studied for the presence of
diffuse Ly ® emission and fills in a redshift
gap between previous such studies. The
main results from this survey are presented
in a recent paper published in MNRAS. This
work also formed the main part of the PhD
thesis of Dr. Gitika Shukla.

Time variations of Ultra Fast Outflows
(UFOs): Broad Absorption Line [BAL)
quasars are defined by the presence of
absorption lines with large velocity widths (
~few 1000 km/s ] and ejection velocities
(reaching upto few 10000 km/s J. It is
believed that these outflows could play an
important role in the central black hole
growth, the host galaxy evolution and the
chemical enrichment of the intergalactic
medium (IGM]. Detailed investigation of the
time variahility of BAL profiles is important
to obtain tight constraints on the BAL
lifetime, location of the outflow etc., and
provide significant insights on the origin
and physical mechanisms driving the flow.
For more than 5 years, IUCAA astronomers
(P. Aromal and R. Srianand] have been

investigating the time variability of a sample
of 62 quasars from SDSS DR15 which show
BALs at outflow velocities greater than
15000 km/s in their spectra using SALT.
This is by far the largest sample of such
objects monitored over a wide range of time
scales (i.e from few months to 10 year in the
quasar's rest frame]. This sample has
revealed emergence/disappearance of new
outflow components, signatures of
acceleration in some absorbing gas,
correlated variability between different
absarption components spread over large
velocity ranges etc. Thanks to the presence
of all sky photometric monitoring surveys
like Zwicky Transient Factory (ZTF] it is now
possible to probe the relationship between
the spectral line variahility and photometric
light curves. Overall it appears that the
amplitude of variability seen in absorption
lines are much larger than what one will
predict based on continuum variability from
optical light curves. This either means the
absorption line variahilities are either driven
by line-of-sight variations in the matter
distribution or the UV radiation field in these
quasars have a much larger amplitude
variahility compared to what one seesin the
optical light curves. Detailed analysis of
couple of very interesting targets were
published recently in MNRAS. The main
survey results will form the PhD thesis work
of P.Aromal.

Host galaxies of Ultra Strong Mg II
absorbers (USMG Il): Itis well documented
that Mg Il absorption lines seen in the
spectra of quasar probe the extended gas
around normal galaxies. Ultra Strong Mg Il
absorbers are defined as ahsorbers [having
rest equivalent width in excess of 3 A, are
ideal targets for studying the gas flows at
low impact parameters to star-forming
galaxies and/or interacting groups of
galaxies. Studying such systems can
provide importantinsights into the baryonic
cycle that governs the galaxy evolution.
Motivated by this, Astronomers from [UCAA
(Labanya Guha & Srianand]) and their
collaborators have embarked on the first
systematic survey of of such systems at
z~0.5 with the aim to (i) identify their host
galaxies and characterise the galaxy
environment around these absorbers, (ii]
investigate whether we preferentially select
a particular galaxy population using the

ultra strong absaorhber selection, [iii] study
the connection between the galaxy
properties and that of the absorption
features, and [iv] identify potential
quasar-galaxy pairs where galactic outflow
can be studied through down-the-barrel
absorption towards the galaxy, and
absorption along the quasar line of sight
simultaneously. This survey has
substantially increased the known host
galaxies of such absorbers. The reported
thatatleast~33 per cent of the USMg Il host
galaxies (with a limiting magnitude of m, <
23.6] are isolated and the large equivalent
widths measured in these cases may
ariginate from gas flows (infall/outflow] in
single haloes of massive but not starburst
galaxies. They also found galaxy
interactions could be responsible for large
velocity widths in at least ~17 per cent
cases. The catalog of galaxies generated
from this survey and main results are
published recently in MNRAS. The team has
just now completed a complementary
survey at z~0.8 using SALT that will enable
one to study the evolution of gas flows in
galaxies over cosmic time. This survey will
form the main body of the PhD work of
Labanya Guha.
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Events at IUCAA

2021

An advanced course on pulsar astrophysics
Date: January 25 - April 03, 2021 [Online])
Coordinators: D. J. Saikia | Prakash Arumugasamy

Introductory course on astronomy and astrophysics for college
teachers

Date: January 27 - April 09, 2021 (Online])

Coordinators: D. J. Saikia, Gazi Ahmed (Tezpur University],
Rupjyoti Gogoi (Tezpur University], Biman Nath (Gauhati
University])

BRICS Astronomy Working Group (BAWG2021) meeting [Online)
Date: May 19 - 20, 2021
Coordinators: R. Gupta

Advanced Astrosat Data Analysis workshop
Date: June 15 - 30, 2021 [Online)
Coordinators: Jayashree Roy | M. Shahalam

Mini workshop on online pedagogy and evaluation
Date: June 30, 2021 (Online)
Coordinators: D. J. Saikia | G. Ambika (IISER, Tirupati)

Astronomical data analysis using Python
Date: November 08, 2021 - December 18, 2021
Coordinators: D. J. Saikia | Yogesh Wadadekar (NCRA, Pune]

IUCAA - NCRA Radio Astronomy Winter School - 2021
Date: December 20, 2021 - January 01, 2022
Coordinators: Prakash Arumugasamy | Jameer Manur |
Subhashis Roy ([NCRA, Pune] | Ruta Kale [NCRA, Pune)

Annual Events at IUCAA

2021

Refresher Course on Astronomy and Astrophysics

Date: May 10 - June 11, 2021

Introductory Summer School on Astronomy and Astrophysics
Date: May 10 - June 11, 2021

Foundation Day
Date: December 29, 2021

2022

National Science Day
Date: February 28, 2022

Events Outside IUCAA

2021

Workshop of Solar Astrophysics

Date: August 24, 2021

Place: Fergussan Callege, Pune [Onling)
Coordinators: Raka Dabhade | Durgesh Tripathi

GuruDhwani

Date: September 01, 2021 - April 09, 2022

Place: Fergussaon Callege, Pune [Online)

Coordinators: Raka Dabhade(FC College Pune] | Avinash
Deshpande | D. J. Saikia

Research In Astronomy: Opportunitie And Challenges -VII
Date: September 8 - 10, 2021

Place: Online

Coordinators: Sheelu Abraham | Jeena K. | R. Misra

Introductory Workshop in Astronomy and Astrophysics
Date: December 18 - 19, 2021

Place: University of Kashmir, Srinagar

Coordinators: Naseer Igbal | R. Misra

2022

North-East Meet of Astronomers (NEMA-VII)

Date: January 27 - 29, 2022

Place: R. G. University, Itanagar, Arunachal Pradesh [Hybrid mode)
Coordinators: Heisnam Shanjit Singh | R. Misra
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=  Sukanta Bose,
on being elected as
Fellow, Indian Academy of Sciences

= Debarati Chatterjee,
on receiving the
Paoster contest award at NuSym 2021 -
International Symposium on
Nuclear Symmetry Energy,
October 20, 2021, along with
PhD student Suprove Ghosh [IUCAA]

5  Sanjeev Dhurandhar,
on being elected as Fellow,
Indian National Science Academy [INSA),

Delhi.

= Jayant V. Narlikar,

on being conferred Doctor of Science

(Honaris Causa)
from Dr. D. Y. Patil Vidyapeeth,
Pune

Kanak Saha,

on being conferred with the
Shanti Swarup Bhatnagar Award
faor the Physical Sciences

by CSIR, New Delhi

Late Professor Thanu Padmanbhan
Lifetime Achievement Award
(Kerala Sasthra Puraskaram])

of Government of Kerala, 2021

for his life time contributions

in Theoretical Physics.
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Dipankar Bhattacharya

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

Sauradeep Bhattacharya

e DST - INSPIRE Faculty Fellowship.

Sukanta Bose

e LIGO India TDCB and DAE
* LIGO India SEED and DST

Subhadeep De

e DST grant for the project:
Quantum Information Technologies
with ion-trap and optical-lattice
devices of Interdisciplinary
Cyber Physical Systems.

e DAE Board of Research
in Nuclear Sciences

» |-HUB Chanakya Fellowship

Sanjeev Dhurandhar

» NASI Senior Scientist Platinum Jubilee
Fellowship.

AjitKembhavi

e Grant for the Pune Knowledge Cluster.

RanjeevMisra

e University of Southampton - UK Glaobal
Challenge Research Fund for Pune
Knowledge Centre

Sanjit Mitra

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

Dipanjan Mukherjee

e Indo French Centre for the Promation
of Advanced Research Grant for the
project: Resolving the impact of AGN
feedback on gas and star formation

through simulations and ohservations.

A.N. Ramaprakash

e Participation Grant in Thirty Metre
Telescope Project.

* ISRO Grant for the Design,
Development, Assemble, Test,
Calibrate the Solar Ultraviolet Imaging
Telescope [SUIT) payload for Aditya -
L1 Missian.

e Infosys Foundation Grant for
Resurgent Caltech - IUCAA
Collabaoration for Advanced Instrument
Development and Scientific
Discoveries.

e ISRO - ISAC Grant.

« Institute of Plasma Physics Crete
WALOP N

e South African Astronomical
Observatory

¢ Institute of Arizona LBT1

Kanak Saha

e Grant for the project: Exploring the
Nature of Lyman Continuum Emitting
Sources in the AstroSat - UV Deep
Field.

Varun Sahni

e DST J.C. Bose Fellowship.
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About Pune knowledge Cluster

The Pune Knowledge Cluster [PKC] is one of the six S6T clusters
established by the Office of the Principal Scientific Adviser to the
Government of India under The City Knowledge and Innovation
Cluster Initiative (CKIC). PKC aims to create, enahle and nurture a
collaborative S&T ecosystem for various stakeholders, including
Industry, Academia, Gavernment, and Citizens. PKC is hosted by the
Inter-University Center for Astronomy & Astrophysics [IUCAA), a
UGC-supported governmentinstitutionin Pune.

Vision

The Pune Knowledge Cluster (PKC] aims to bring together academia,
R & D institutions, and the Industry of Pune and its surrounding
areas, to address challenging problems of the region through

innovative means, using scientific knowledge and engaging highly
skilled humanresources.

To act as a catalyst to bring together the large talent pool presentin
Industry, Academia, Government, and non-Governmental
organizations of Pune to brainstorm, discuss and identify projects of
importance and value to the region and to execute them through
collaborative efforts

Key Achievements [sinceinceptioninJuly2020)

* PKC has raised over Rs. 5 CR in the form of grants
and CSR funding from arganizations like Rockefeller Foundation,
Hindustan Unilever, Cummins Foundation, Persistent
Foundation, Schlumberger, Lenovo India, BASF Chemicals India,
and the University of Southampton for its various projects.

* PKC has built partnerships with 60 organizations [national and
international) and signed MoUs with 18 organizations including
academia, R&D labs, industries, NGOs, and incubation centers.

PKCFocusAreas

I. Health

PKC's Health vertical aims to build collaborations across
academic and industry, NGOs, and Govt departments in
generating data critical for public health decisions such as
serasurveys, clinical, immunological, and environmental
surveillance etc., and creating an epidemiological database with
comprehensive health information for Pune and access to real-
time data. Projects supported under PKC's health vertical align
with the Integrated Disease Surveillance Project (IDSP) and
the National Health Mission.

Projects: PKC manages 5 ongoing projects and has completed 1
projecton COVID-189.

e (COVID-19 Sero-survey, COVID-19 Genomic Surveillance,
COVID-19 Environmental Surveillance, COVID-19 Data
Collection and Analysis [Supported by Rockefeller
Foundation)

e COVID-19 Long Term Immunogenicity Study (Supported by
Hindustan Unilever]

e COVID-19Clinical Databhase

Partners: Projects are implemented in a collaborative manner
between the hospitals, RGD labs and city administration. Key
partnersinclude - IISER Pune, NCL Pune, BJMC, KEM, Symbiosis,
Genepath, Noble Hospital

Key Future plans: Infectious Disease Platform - Building a
platform for multi-institutional collaborations for data-driven
policiesforinfectious diseases.

. Sustainability & Environment

Aligned to the National Action Plan on Climate Change, PKCs
Sustainahility and Environment vertical currently has three
priorities:

e Technology-driven Urban Forestry Programs to preserve
and improve tree cover in Pune City. PKC is working to create
technology platforms to automate tree census, improve
citizen engagement in tree plantation and adoption and
build acomputational platform for carbon sink estimation.

e Sustainable Afforestation Program: Mission Prakriti is a
PKC project which aims to develop an 1172 ha. Self-
sustaining (socially, financially, and environmentally
sustainable] Biodiversity Park on degraded reserve forest
forcarbon sequestration and hiomass generation.

e Water Action Plan for Pune Metropolitan Region: Aligned
to the National Water Mission, PKC is preparing a
sustainable water Management Plan for the Pune district,
comprising of comprehensive information on priority issues,
and available resources [human, technical and financial],
and mapped solutions. A digital decision-making support
system will also be created using time-series and real-time
absolute data, GIS maps, and analytics.

Work with local administration: PKC warks actively with PMC
and Pune Zilla Parishad officials to serve as a knowledge partner
for technology evaluation, project feasibility studies, and
creating plans for implementing water conservation, and bio-
energy projectsin Pune andits surroundingvillages.

Partners: PMC, Pune Smart City, CEE India, WRCS, Gaia the Earth
Foundation, Genesys, Maharashtra Forest Department,
SamuchitEnvironment
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Key Future plans:

e CenterforWater - Building a Center for water management,
technology deployment, and palicy in collaboration with
Water Valley, Denmark

* CoE for Carbon Sequestration & Renewable Energy -
Building a center of excellence focused on increasing
urban/peri-urban and rural vegetation cover for carbon
sequestration, developing technology-based plantation
models and citizen engagement programs, piloting
technologies for hiofuels production

Sustainable Mobility

PKC's Sustainable Mahility vertical aims to apply scientific and
technical tools to address the rapidly growing and changing
mobility requirements of the city. We wish to support the
development of sustainable solutions toward carbon-neutral
transportation.

Warking towards the Smart City Mission of Gol, the Pune City
administration is encouraging and enabling sustainable modes
of mobhility in the city. In this regard, PKC has the following
programsin the pipeline.

¢ Vehicle E-Waste Recycling -Projects are being
conceptualized with technology providers and the auto
industry to pilot novel technologies for vehicle E-waste
recycling at the city level through public-private partnership
madels.

e Charging Infrastructure Mapping using Pune Digital Twin
- In partnership with TCS Pune Digital Twin, PKC wishes to
map and plan locations for EV charging infrastructure in the
city.

Partners: Automotive Research Association of India [ARAI],
Center for Materials for Electronics Technology (CMET), C4i4,
Society of Automative Engineers

. BlG Data & Artificial Intelligence

This vertical enables the development of various Al-driven
platforms for basic and applied research. Large-scale citizen
science programs are being developed to involve citizens in
analyzing BIG scientific data to foster scientific temper. One
such programis called One-Million Galaxies where 450+ citizens

have analyzed over 1 GB of data (images of galaxies) on PKC's
platform. PKC is also trying to build collaborative projects
between BIG Data and Al experts, chemists, and biologists to
encourage inter-disciplinary research.

Partners: CODATA, IUCAA, Univ. of Southampton, IIA Bangalore,
HBCSE Mumbai, Nehru Planetarium Mumbai, Jawaharlal Nehru
Planetarium Bangalore, Jyotirvidya Parisanstha Pune, Khagaol
Vishwa Pune

. CapacityBuilding

Aligned with the Skill India Mission, the capacity-building
vertical of PKC aims to provide new opportunities to students,
young researchers, and professionals to improve their
knowledge base and acquire advanced skills through the
following programs

e Interdisciplinary Training Programs & Courses -
Contemporary skill-building and knowledge enhancement

» Citizencentric science talks by experts

PKC has conducted over 35 training programs, talks and
wehinarsinvalving over 36 mentors with 2500+ beneficiaries.

STEM Education: Aligned with the National Education Policy
2020, PKC's STEM education vertical focuses on promoting
STEM education through technology-enabled training
programs for school teachers and students, scholarship
programs for women in STEM, gamification of learning, and
settingup of STEM Labs.

Projects: PKC has 2 ongoing STEM projects - Teach with Tech
(sponsared by Lenovo India] and WEnyan - a mentoring and
schaolarship program for women in chemistry and sustainahility
(sponsored by BASF Chemicals India)

Partners: Icertis, Infosys Springboard, IBM, DY Patil Engineering,
SPPU, District Institute of Education and Training, Pune Zilla
Parishad, Agarkar Research Institute, CODATA, Persistent
Systems, Serum Institute of India.

Key Future plans:
CoE for STEM Education: Centre with a focus on innovation in

school education, gamification in learning, STEM labs, girl
education, and Math Circles.
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Cosmology and Structure Forma-
tion
No Hj tension in Braneworld Cosmology

Local measurements of the Hubble parameter Hy, based
on a distance ladder treatment, appear to indicate a
somewhat higher value of this quantity than that in-
ferred from fitting ACDM to the cosmic microwave back-
ground (CMB) data. This tension currently stands at
about the 4.4 o level.

In the context of evolving dark energy, two different
approaches have been advanced to minimize the Hy ten-
sion (for a detailed review of all existing solutions. The
first one focuses on the physics prior to recombination
explores late-time physics, particularly the impact of
non-ACDM cosmologies such as models with interact-
ing dark sector and phantom behaviour Our focus in
the present paper will be on the second approach, i.e.,
models that exhibit phantom behaviour of dark energy.

CMB measurements determine the spacing between
the acoustic peaks of the angular power spectrum,

- T
Da(z)’

*
S

0, (1)

very accurately at redshift z, ~ 1100. Here, 7} is the
comoving sound horizon at the epoch of last scattering
(we adopt the normalization ag = 1),

e [ands - [Cags.

where ¢, is the sound speed, given by

(2)

c

3)

cs(z) = ,
30
L+ o0 ()

and D4 (z,) is the comoving angular diameter distance
to the last scattering surface,

> dz

o H(z)

In a spatially flat ACDM cosmology, one has

H(z) = Hy [Qom(1+ 2)? + Qo (1 + 2)* + Q/\}1/2 L 5)

where Qg includes the contribution from dark and
baryonic matter, and ¢, includes the contribution from

photons as well as other possible relativistic matter such
as neutrino’s.

Although both 7% and Da(z.) explicitly contain
Hy in the denominator, a careful examination re-
veals that they depend on Hj differently (for a fixed
Qom). This is because the parameter g, is deter-
mined in cosmology in the combination Qg.h? (here,
h = Hy/100 km st Mpcfl), which makes Qq, substan-
tially Hy-dependent, unlike the other two parameters
Qom and Q. As H(z) increases with z, the primary
contribution to (2) and (4) comes from redshifts near
the lower limits of the respective integrals. Since the
integration in (4) starts from z = 0, one can neglect
the contribution from the radiation term in H(z) at
low redshifts, thus D 4(z.) roughly scales as H(;l. On
the other hand, r} depends on Hj differently as the
integration in (2) starts from z, ~ 1100 (the value of
z, is almost unaffected by any reasonable variation
in Hp). At these high redshifts, one cannot neglect
the contribution from the radiation part in (5), which
is substantially Hy-dependent, as explained above.
Therefore, the Hubble parameter no longer scales as
Hy; rather H(z) o H{, where 0 < n < 1 at redshifts
z =~ 1100. Furthermore, c¢s depends on the ratio
QObhz/Qovhz. Since Qoth is fixed from CMB mea-
surements and one can assume independent constraint
on Qgph? from, say, big bang nucleosynthesis (BBN) ¢,
is almost insensitive to Hy (a mild dependency comes
from the minute variation of z, with Hp). One can
estimate numerically that 77 roughly scales as H 05,
which results in 0 oc HJ-®> approximately ( for a fixed
Qom). Therefore, an increase in Hy also raises the value
of 0.

Since 0, is fixed from CMB measurements, one way
of compensating the increment (due to a larger locally
measured value of Hy) is to reduce r}. As demonstrated
by (2), the quantity r* can be reduced by slightly in-
creasing H(z) (by about 10%) just before recombina-
tion. Early dark energy does precisely this; however, in
these models, the mean constraint on the Hubble param-
eter does not shift much to the higher values when one
considers combination of all datasets including the CMB
polarisation data. (A shift in Hy can also be achieved
by assuming the existence of primordial magnetic fields
enhancing the recombination rate, thereby reducing the
Hubble tension.)

An alternative means of ameliorating the Hy tension
is to reduce the value of E(z) = H(z)/Hy at lower red-
shifts, z < z,. This increases D4(z.) in (4) and there-
fore compensates for the increase in 65 brought about
by a larger value of Hy. This can be done more or less
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phenomenologically in models of evolving or dynami-
cal dark energy. It is interesting in this respect that a
smaller value of FE(z) at low/medium z (compared to
that of ACDM model) is a generic (and quite inciden-
tal) feature of a certain type of braneworld cosmology.
Specifically, the model with one extra dimension and
with induced gravity on the brane has two branches
of cosmological solutions, one of which (so-called ‘nor-
mal branch’) exhibits this property. On this branch,
the effective equation of state (EoS) of dark energy is
phantom-like, weg < —1, for which reason it was also
termed ‘phantom brane’. One can envisage that the Hy
tension will be alleviated in this braneworld scenario.

Indeed, Satadru Bag, Varun Sahni, Arman
Shafieloo and Yuri Shtanov have shown that the
phantom brane can accommodate higher values of Hy,
preferred by recent local measurements, while satisfying
CMB constraints.

A simulated annealing approach to parameter in-
ference with expensive likelihoods

Aseem Paranjape has developed a new approach to
parameter inference targeted on generic situations where
the evaluation of the likelihood (i.e., the probability
to observe the data given a fixed model configura-
tion) is numerically expensive. Inspired by ideas un-
derlying simulated annealing, the method first evalu-
ates x> = —2In L on a sparse sequence of Latin hyper-
cubes of increasing density in parameter (eigen)space.
The semi-stochastic choice of sampling points accounts
for anisotropic gradients of and rapidly zooms in on the
minimum of x2. The sampled 2 values are then used to
train an interpolator which is further used in a standard
Markov Chain Monte Carlo (MCMC) algorithm to inex-
pensively explore the parameter space with high density,
similarly to emulator-based approaches now popular in
cosmological studies. Comparisons with example linear
and non-linear problems show gains in the number of
likelihood evaluations of factors of 10 to 100 or more,
as compared to standard MCMC algorithms. As a spe-
cific implementation, the author has publicly released
the code PICASA: Parameter Inference using Cobaya
with Anisotropic Simulated Annealing, which combines
the minimizer (of a user-defined x?) with Gaussian Pro-
cess Regression for training the interpolator and a subse-
quent MCMC implementation using the publicly avail-
able COBAYA framework. Being agnostic to the na-
ture of the observable data and the theoretical model,
this implementation is potentially useful for a number of
emerging problems in cosmology, astrophysics and be-

yond.

Quasi-adiabatic relaxation of haloes in the Illus-
trisTNG and EAGLE simulations

The dark matter content of a gravitationally bound
halo is known to be affected by the galaxy and gas
it hosts. Premvijay Velmani and Aseem Paranjape
have characterised this response for haloes spanning
over four orders of magnitude in mass in the hydro-
dynamical simulation suites IllustrisTNG and EAGLE
using their default astrophysical models and respective
gravity-only counterparts. They show that commonly
employed quasi-adiabatic relaxation models, which treat
the relative change in radius r; /r; —1 of a spherical dark
matter shell as a function of only the relative change
in its mass M;/M; — 1, do not describe the measured
response of most haloes in IllustrisTNG and EAGLE.
Rather, the relaxation ratio ry/r; additionally explicitly
depends upon halo-centric distance 7y/R.;, for haloes
with virial radius Ry, being very similar between Illus-
trisTNG and EAGLE. They also identify a previously
unmodelled effect, likely driven by feedback-related out-
flows, in which shells having r/r; ~ 1 (i.e., no relax-
ation) have M; /My different from unity. They present
simple fitting functions in the quasi-adiabatic relaxation
framework that accurately capture the dark matter re-
sponse over the full range of halo mass and halo-centric
distance we explore. They also explore the dependence
of this response on several halo and galaxy properties
beyond total mass. Their results are immediately ap-
plicable to a number of semi-analytical tools for mod-
elling galactic and large-scale structure (baryonification
schemes, rotation curves, etc.). These results can be ex-
tended to build a deeper physical understanding of the
connection between dark matter and baryons at small
scales.

Semi-analytic modelling of the Lyman-alpha for-
est using the Lognormal approximation

Bhaskar Arya, T. Roy Choudhury (NCRA), Aseem
Paranjape and Prakash Gaikwad (MPI, Heidelberg)
have revisited the Lognormal approximation for mod-
elling the spatial distribution of the Lyman-alpha forest
and its sensitivity to astrophysics and cosmology. Using
MCMC techniques to compare the Lognormal approxi-
mation with the Sherwood hydrodynamical simulations,
they find that the Lognormal model provides a faithful
representation of the z = 2.5 inter-galactic medium in
terms of the Lyman-alpha transmitted flux probability
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(a) ACDM

(b) minimal phantom brane

Figure 1: The 68% and 95% confidence levels on the cosmological parameters are shown separately considering the low-z BAO
data (green), the high-z BAO data (blue) and all the BAO data (red), in conjunction with SNe+BBN prior. The left panel
shows the results for the ACDM model whereas the results for the minimal phantom brane are shown in the two figures of the

right panel.

density function and power spectrum. These results are
a first step towards establishing the utility of the Log-
normal model as a cosmological tool.

Astrobiology

The astrobiology experiment by Jayant V. Narlikar,
and collaborators is progressing. The next phase of bal-
loon experiment is under consideration of ISRO.

Observational Astronomy and Ex-
tragalactic Astronomy

The Subaru HSC weak lensing mass-observable
scaling relations of spectroscopic galaxy groups
from the GAMA survey

Galaxies such as our own Milky Way are part of groups
of galaxies. Such galaxy groups are some of the most
abundant structures in the Universe. The different prop-
erties of galaxy groups such as the total luminosity of
such groups in stars, the velocity dispersion of galax-
ies in these groups are correlated with the total dark
matter mass around galaxy groups. These correlations
are expressed as scaling relations between galaxy groups
and their halo masses. In research work led by student
Divya Rana and Surhud More, along with collabo-
rators from Japan, Australia and the US, these scaling
relations for galaxy groups were measured with the best
precision so far.

To study the dark matter content of galaxy groups
in the Universe using weak lensing, they utilized galaxy
shape catalogue from the first-year data release of the
Subaru Hyper Suprime-Cam (HSC) survey to study the
dark matter content of galaxy groups in the Universe
using weak lensing. The signal was modelled using a
Bayesian halo model framework to infer the halo mass
distribution of our groups binned in the two different ob-
servable properties of galaxy groups. They obtained a 5
per cent constraint on the amplitude and 7 percent con-
straint on the slope of both the scaling relation between
halo mass and group luminosity, and that between halo
mass and velocity dispersion.

Extragalactic Astronomy

Observing correlations between dark matter ac-
cretion and galaxy growth: testing the impact of
galaxy mass, star formation indicator, and neigh-
bour colours

Do galaxies whose dark matter halos accrete fresh gas
also have higher star formation rates? In research work
by Surhud More and collaborators from the University
of Arizona, reported previously, they had shown that
star formation activity may not be correlated with fresh
accretion for isolated Milky Way-mass galaxies. In this
follow up research work, they investigate their conclu-
sions further by carrying out three different tests using
data from the Sloan digital sky survey. For the first test,
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they use satellite galaxies with different colours (blue
star forming galaxies, or red galaxies which have stopped
forming stars), trace different populations which fall in
to the halo. For the second test they used indicators
which are sensitive to star formation rate over longer
time scales. Lastly they also tested if the ir conclusions
hold for central galaxies with stellar mass larger than
the Milky Way.

All these tests bolster their previous conclusion that
the probability that star formation rate is positively cor-
related with mass accretion rate is quite low. This result
is most consistent with models where processes such as
gas recycling dominate star formation in galaxies at late
times.

Galactic Astronomy

Subaru Hyper Suprime-Cam Survey of Cygnus
0OB2 Complex

Low-mass star formation inside massive clusters is cru-
cial to understand the effect of cluster environment on
processes like circumstellar disc evolution, planet, and
brown dwarf formation. In this research carried out by
Saumya Gupta, a student of [IUCAA associate Jessy Jose
at IISER Tirupathi, and Surhud More, they present
observations of the young massive association of Cygnus
OB2. This cluster has many massive stars which can be
used to study the effect of extreme environmental con-
ditions on its extensive low-mass population. They car-
ried out the deepest and widest optical photometry of
1.5 degree diameter region centred at Cygnus OB2 in r2,
i2, z, and Y-filters, using Subaru Hyper Suprime-Cam
(HSC). They confirmed the presence of a distinct pre-
main sequence branch by statistical field subtraction of
the central 18 arcmin region and found that the median
age of the region is about 5 million years with an aver-
age disc fraction of "9 per cent. They presented catalogs
of sources belonging to this region with masses ranging
from 70.01 — 0.17 times mass of the Sun. This deeper
HSC catalogue will serve as the groundwork for further
studies on this prominent active young cluster.
Extreme emission like galaxies such as Green peas
and Blueberries in the local universe are the potential
candidates for understanding the nature of star-forming
galaxies that reionized the early universe. Green pea
and Blueberry galaxies are compact, low-mass, metal-
poor starburst systems. Despite their close proximity to
us, we know little about their spatially resolved proper-
ties - they remain unresolved. In this project, we report
the detection of a low-surface brightness (LSB) stellar

disk with very old stellar population using the SDSS-IV
MaNGA integral field spectroscopy observation. The
evidence for the old stellar population comes from a 5o
detection of MgIA5173 absorption line in both under
the Blueberry system and in the extended region. We
show that this was not possible had we used the SDSS
fibre spectra only (old stellar component remains un-
detected). Even with the IFU data, the detection has
become possible only after stacking the spectra in ei-
ther region. Based on our analysis of the MaNGA data,
we derived kinematics (especially binning required) for
the full galaxy and show that the disk is mildly rotat-
ing with V/ o1. This work and our ongoing ones suggest
an intriguing thread connecting Blueberries with LSB
galaxies.

This project has been published in the Astrophysical
Journal (ApJ), 2022

Extragalactic Astronomy

Giant radio quasars

Giant radio sources (GRSs) are radio-loud active galac-
tic nuclei (AGNs) with a projected linear size greater
than or equal to 700 kpc. When the GRSs are as-
sociated with galaxies, they are known as giant radio
galaxies (GRGs), whereas GRSs with quasar hosts are
known as giant radio quasars (GRQs). They are the
largest single objects in the Universe and pose a num-
ber of challenging astrophysical questions. In order to
understand GRQs and their properties, Mousumi Ma-
hato, including D.J.Saikia, Somak Raychaudhury
and collaborators have compiled all known GRQs (“the
GRQ catalogue”), and a subset of small (size < 700
kpc) radio quasars (SRQs) from the literature. In this
process, they have found 10 new GRQs which they in-
clude in the GRQ catalogue. They have carried out a
systematic comparative study of GRQs and SRQs, us-
ing optical and radio data, and found that the GRQs
and SRQs have similar spectral index and black hole
mass distributions. But SRQs have higher radio core
power, core dominance factor, total radio power, jet ki-
netic power and Eddington ratio compared to GRQs.
On the other hand, when compared to GRGs, GRQs
have higher black hole mass and Eddington ratio. The
high core dominance factor of SRQs is an indicator of
them lying closer to the line of sight than GRQs. They
also find a correlation of the accretion disc luminosity
with the radio core and jet power of GRQs, which pro-
vides evidence for disc-jet coupling. Lastly, they find the
distributions of Eddington ratios of GRGs and GRQs to
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Figure 2: (a) The gri-band color composite image of SHOC 579. The dashed line shows the contour at 3o level above the
background. The inner dashed circle of size 37 (diameter) marks the blueberry region. (b) The stacked full observed spectrum
within a 3”7 diameter. The inset represents the detection of the MgIA5173 absorption line from the blueberry region. (c¢) The
detection of the Mgl A5173 absorption line obtained through the stacked spectra from the extended diffuse stellar-disk region.
(d) Null detection of the MgIA5173 absorption line in the observed SDSS spectrum taken over the central 3” diameter on the
blueberry region. In each spectrum, the red dashed line represents the fitted continuum + Gaussian models over the observed
MgIA5173 absorption feature. In panel (d), the Gaussian model is not fitted as the detection of the Mg I A5173 absorption

feature is below 30

be bi-modal, similar to that found in small radio galax-
ies (SRGs) and SRQs, which indicate that size is not
strongly dependent on the accretion state. Using all of
these, they provide a basic model for the growth of SRQs
to GRQs.

Nuclear radio emission in nearby galaxies

To understand the nature of nuclear radio emission in
nearby galaxies Ranieri Baldi and collaborators have
combined optical [OII] line emission, robust black hole
(BH) mass estimates, and high-resolution e-MERLIN
1.5-GHz data, from the LeMMINGs survey, of a
statistically-complete sample of 280 nearby, optically
active (LINER and Seyfert) and inactive (HIT and
Absorptionline galaxies [ALG]) galaxies. They suggest
different origins for the nuclear radio emission for the
different optical classes. Below a black hole mass of
~ 10%° M ® stellar processes from non-jetted HII galax-
ies tend to dominate. Above this value, accretion driven
processes tend to dominate for the active galaxies which
include radio-quiet/loud galaxies with low-ionization
nuclear emission line regions (LINERs), Seyfert galaxies
and jetted HII galaxies. Jetted HII galaxies may host

weakly active black holes. Fuel-starved black holes and
recurrent activity account for ALG properties. They
suggest that specific accretion-ejection states of active
black holes determine the radio production and the
optical classification of local active galaxies.

Compact steep-spectrum radio sources

Compact steep-spectrum radio sources are defined to be
less than 20 kpc in size so that these are well within the
confines of their host galaxies, and interact with the in-
terstellar medium as the jets propagate outwards. There
are three suggestions for their small sizes: (i) they are
young objects which will evolve into larger-sized radio-
loud active galaxies; (ii) they are confined to small sizes
by a dense interstellar medium and (iii) they may be
transient or intermittent sources. Our current under-
standing of this class of sources including their effects
on theirhost galaxies and evidence of recurrent activity
from observations across the electromagnetic spectrum
has been reviewed by C. P. O'Dea and D. J. Saikia.
Most appear to be young objects although there is ev-
idence of jet disruption by interaction with the inter-
stellar medium and also of recurrent jet activity. The
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review closes with a discussion of open questions and
prospects for the future.

Galactic and Extragalactic Astronomy

(a) Emission lines from X-ray illuminated accre-
tion disc in black hole binaries

X-ray observations of black hole X-ray binaries show
prominent Fe K emission lines at 6 — 7 keV energy band
and Compton hump at ~ 20 — 30 keV which indicates
that the material above the accretion disc is being
illuminated by the hard X-ray source. Several differing
models have been proposed in the literature to explain
this emission phenomenon, however, most of these
models use the incident spectra from the phenomeno-
logical power-law model to illuminate the gas, and
do not take into account the detailed accretion solu-
tion and the effects of flow parameters and its geometry.

S. Mondal, T.P. Adhikari, and Singh, B. Chan-
dra (2021) made a synergy between the two component
accretion flow model and photoionization simulations
to explain the X-ray spectra of black hole binaries,
mainly focused on the Fe emission spectra at 5.5 — 7.2
keV. The authors showed that the equivalent width
(EW) of Fe emission decreases with the increase in disc
accretion rate and increases with the column density
of the material (see Fig. 3 left). This is due to the
fact that the incident spectrum becomes softer with
increase in accretion rate and hence less number of
hard photons participate in line emission. Additionally
they also checked the dependence of emission on the
halo accretion rate and demonstrated that, increasing
halo accretion rate increases the number of high energy
emission lines in the spectrum. Also, the lines shape
become complex as abundant number of hard X-ray
photons are available for the ionization which triggers
the thermal instability. The authors also found that the
Fe line EW tends to decrease with increase in ionization
parameter until low ionization region; however, it
sharply increases in higher ionization regime ¢ > 103,
and at & > 10*, EW decreases as a wider part of disc
becomes fully ionized (see Fig. 3 right).

(b) X-ray timing and spectral variability prop-
erties of blazars S5 0716 + 714, OJ 287, Mrk
501, and RBS 2070

Blazars are seen as an extreme class of radio-loud ac-
tive galactic nuclei, characterized by high luminosity,

rapid variability in flux and polarization, and broad-
band continuum emission. Blazar emission mainly con-
sists of the Doppler boosted non-thermal emission from
the relativistic jets. The variability of blazar fluxes is
strong across the entire electromagnetic spectrum with
the variability timescales varying from minutes to sev-
eral decades. The multi-wavelength variability proper-
ties of blazars usually can be ascribed to both the rel-
ativistic jets and accretion disc based models. How-
ever, the details of the processes leading to such multi-
wavelength and multi-timescale variability are still un-
der discussion.

Recently M. Mohorian, G. Bhatta, T.P. Adhikari,
et al. (2022) explored statistical properties of the X-ray
variability in the blazars S5 0716+714, OJ 287, Mkn
501 and RBS 2070 using the archival observations
from the XMM-Newton telescope between the period
2004-2018. Several methods of timing and spectral
analyses including fractional variability, minimum
variability timescale, power spectral density (PSD)
analyses and flux distribution were performed. In this
work, the authors showed that the sources are mod-
erately variable within the intra-day timescale. Three
of the four sources exhibited a clear bi-modal pattern
in their flux distribution revealing possible indication
of two distinct flux states, that is, hard and soft flux
states. Furthermore, they also investigated the spectral
shapes of the sources using single power-law, broken
power-law, log-parabolic and black-body+log-parabolic
models (the latter only for OJ 287), and found that for
most of the observations log-parabolic model was the
best fit. The power spectral density analysis revealed
the variable nature of PSD slopes in the source light
curves. The results of this analysis could indicate
the non-stationary nature of the blazar processes on
intra-day timescales. The observed features can be
explained within the context of current blazar models,
variability arising in the relativistic jets.

(c) Variable mass accretion and failed wind ex-
plain changing look phenomena in NGC 1365

Changing-look active galactic nuclei (CLAGNSs) exhibits
a complex behaviour in their X-ray spectral shape and
the variation in the line-of-sight column-density. As
of now, the physical mechanisms responsible for these
variations are unclear. In the recently accepted paper
for publication in the journal A & A, Mondal, S.; Ad-
hikari, T. P.; et al. (2022) studied the spectral prop-
erties of a CLAGN NGC 1365 using combined XMM-
Newton and NuSTAR observations to understand its
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Figure 3: (left) Equivalent width Wg of Fe line integrated in the energy range 5.5 — 7.2 keV as a function of disc rate rg.
(right) Variation of equivalent widths as a function of ionization parameter &.

CL behavior. The authors have utilized the results from
photoionization simulations and found that the variable
absorption column density correlates with the mass ac-
cretion rate and the geometry of the corona. The de-
rived wind velocity was sufficiently low compared to
the escape velocity to drive the wind away from the
disc for the epochs during which column densities were
high. This suggests that the high and variable absorp-
tion can be due to failed winds from the disc. From
spectral fitting of the combined observational data, the
authors estimated the mass of the central black hole to
be 4.38 £0.34 — 4.51 £ 0.29 x 10° Mgy, consistent with
earlier findings. This study construed that the changing
accretion rate, which is a fundamental physical quan-
tity and the geometry of the corona are driving the CL
phenomena in NGC 1365.

MALS SALT-NOT survey of MIR-selected pow-
erful radio-bright AGN at 0 < z < 3.5

The MeerKAT Absorption Line Survey (MALS; Pls:
Neeraj Gupta and R. Srianand) is one of the ten
large surveys being carried out with the MeerKAT ra-
dio telescope in South Africa. The main goal of the
project is to better characterize the evolution of cold
atomic and molecular gas in galaxies at 0 < z < 2. Over
2014 - 2017, MALS team carried out an ambitious spec-
troscopic survey using SALT (180 hrs) and the Nordic
Optical Telescopes (6 nights) to build a purely infrared-
selected sample of radio-loud quasars (RLQs) at z > 1.5
and define the MALS footprint. The 180 hrs of SALT
observing time for this project were contributed by IU-
CAA, the Rutgers University and South African collab-
orators. The following figure shows SALT spectra of five
representative AGN from the survey. Different emission
lines based on which the redshift was determined are
identified in the figure. The error spectra are shown in

red in each panel. The hashed regions mark the spec-
tral range falling in the CCD gaps. Inset in the top
most panel shows the double peak [OI1I] A5007 pro-
file. In the bottom panel an example of AGN without
detectable emission lines is shown.

A paper describing the survey is recently accepted for
publication in ApJ (Gupta et al. 2022, ApJ, 929, 108).
In short, the dust-unbiased sample of powerful radio-
bright (> 200mJy at 1.4GHz) from the survey consists
of 250 AGN (median z = 1.8) showing emission lines, 26
with no emission lines, and 27 without optical counter-
parts, and covers AGN parameter space which is under-
represented even in the Sloan Digital Sky Survey. All
the spectra from the survey will be shared with the com-
munity through https://mals.iucaa.in/ a MALS data re-
lease scheduled in 2022. The MALS footprint, a major
objective of the survey, based on the SALT-NOT survey
is shown in the adjoining figure.

The SALT-NOT sample is optically fainter compared
to the quasars used to search for high HI column den-
sity (damped Lyman-alpha) absorbers in the past. The
detection of five intervening (redshift path 9.3) and two
proximate DLAs from the subset survey is slightly ex-
cessive compared to the statistics based on optically se-
lected quasars. This hints towards the presence of dusty
AGN that may have been missed in optically selected
samples of AGN. The follow-up of a blind search of radio
absorption lines using the upgraded Giant Metrewave
Telescope (WUGMRT) has allowed first constraints on the
cross-section of HI and OH absorptions lines at z > 2
(Gupta et al. 2021, ApJ, 255, 28). The SALT-NOT sur-
vey is leading to various multi-wavelength follow-up ob-
servations using MeerKAT, uGMRT, VLT, VLBA, and
VLA to address fundamental issues related to AGN and
cold gas evolution.
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HI gas playing hide-and-seek around a powerful
FRI type quasar at z ~ 2.1

The observations of absorption lines associated with
active galactic nuclei (AGN) provide crucial insights
into the different feedback processes operating in AGN
host galaxies. By revealing the chemical composition,
clumpiness, and physical conditions in denser and colder
phases of the gas at parsec to kiloparsec scales from the
nucleus, these absorption line studies can bridge the gap
in our understanding of how the ubiquitous halo gas and
circumnuclear disk fuel the AGN activity. Gupta et al.
recently used the Robert Stobie Spectrograph on SALT
and the Very Long Baseline Array to discover a curious
case of high HI column density absorber that exhibits
strong HI 21-cm absorption at radio wavelengths but is
absent at optical wavelengths.

The milliarcsecond-scale radio continuum observa-
tions of this quasar M1540-1453 (zem = 2.104 + 0.002)
show Fanaroff Riley class I morphology caused by the
interaction with dense gas within 70 pc of the AGN.
Interestingly, while there are indications for the pres-
ence of absorption from low-ionization species like Fe II,
Si II, and Si IIT in the optical spectrum, the expected
strong damped Lya absorption is not detected at the
redshift of the H I 21 cm absorber (SALT spectrum pre-
sented above). In comparison to typical high-z quasars,
the Ly« emission line is much narrower. The “ghostly”
nature of the H I Lya absorber partially covering the
broad-line region of extent 0.05 pc and the detection of
widespread H I 21 cm absorption covering the diffuse
radio source (extent > 425 pc) imply the presence of a
large clumpy H I halo, which may have been blown by
the jet-interstellar medium (ISM)interaction. The ad-
joining cartoon depicts a quadrant of M1540-1453 em-
bedded in a clumpy ISM. The quasars optical sight line
(dashed line) may not intercept infalling high-N(H T)
clouds. In comparison, extended radio emission (> 425
pc) from the lobes will be intercepted by several such
clouds, producing the broad redshifted H I 21 cm ab-
sorption line. The extent of the H I halo and radio
emission could be as large as 10 kpc. The results from
this have been recently published in ApJ as Gupta et
al. 2022, ApJL, 927, 1.24.

The quasar M1540-1453 was discovered through
an ambitious spectroscopic survey using SALT (180
hrs) and the Nordic Optical Telescopes (6 nights) to
build a purely infrared-selected sample of radio-loud
quasars (RLQs) at z > 1.5 and define the footprint
of the MeerKAT Absorption Line Survey (MALS).
The MeerKAT Absorption Line Survey (MALS; Pls:

Figure 4: This Figure shows how MLStat reduces the noise
background, increasing the significance of the “foreground”
statistic containing real events. In the figure, the statis-
tic values for the event GW151216 (marked by stars) are
by design nearly equal for the standard and MLStat based
methods, but due to the reduction in noise background the
detection significance increases manyfold. [PHYS. REV. D
104, 064051 (2021)]

N. Gupta and R. Srianand) is one of the ten large
surveys being carried out with the MeerKAT radio
telescope in South Africa. In the coming years, the
SALT-NOT survey and MALS are expected to address
various fundamental issues related to AGN and cold
gas evolution.

Gravitational Waves

1. Improving significance of binary black hole mergers
in Advanced LIGO data using deep learning : Confirma-
tion of GW151216: Shreejit Jadhav, Nikhil Mukund
(AEI, Hannover), Bhooshan Gadre (AEI, Potsdam),
Sanjit Mitra and Sheelu Abraham (IUCAA Associate)
added a Machine Learning (ML) based vetoing statistic
(MLStat) to PyCBC, LIGO-Virgo-KAGRA (LVK) collab-
oration’s official analysis pipeline, to search for compact
binary coalescences (CBCs). While different methods
have been proposed to achieve a similar goal, this is the
first ML based analysis scheme that could successfully
recover all the events listed in the official LVK catalog,
GWTC-1, obtained from LIGO-Virgo’s first two obser-
vation run data. The authors also confirmed the detec-
tion of an event, GW151216, which was missed by the
official LVK pipeline, though detected by other analysis.
They also performed a full injection study to show that
the sensitivity of the search increases by an impressive
amount of ~ 10% for lower mass black holes and ~ 30%
for higher mass black holes.

44



"ANNUAL
REPORT
2021-22

Figure 5: This Figure shows the estimated rates for hy-
perbolic encounters of black holes detectable by the present
and future ground based detectors as a function of red-shift.
The parameters used to obtain these estimates are based
on recent simulations performed by reputed international
groups. The details can be found in the paper (MNRAS
508, 506475073 (2021)).

2. Hierarchical search: Kanchan Soni, Bhooshan
Gadre (AEI, Potsdam), Sanjit Mitra, and S. V. Dhu-
randhar applied the Hierarchical Search scheme for de-
tecting CBCs developed recently on Advanced LIGO’s
first two observation run data and recovered all the
events in official catalog GWTC-1 that were detected
by the standard pipeline. The highlight is that, they
get a whopping factor 20 speed up in computation, re-
taining the approximate detection significance for each
event. They also showed using an injection study that
the hierarchical search statistically has the same sensi-
tivity as the conventional flat search.

3. Hyperbolic encounters of Black Holes: The ground
based gravitational wave detectors have so far detected
coalescence of compact binaries. However, compact
stars can also interact without getting bound in a closed
orbit. Sajal Mukherjee, Sanjit Mitra and Sourav
Chatterjee (TIFR), using conservative and realistic con-
ditions from latest published simulations, showed that
hyperbolic encounters of black holes in globular clus-
ters may be detectable by future ground based detec-
tors. This will be an exciting discovery and can provide
additional information to estimate the number of back
holes in the universe. They also show that the detection
rates are weakly dependent on the minimum detectable
signal-to-noise ratio (SNR) in a detector due to the com-
plex scaling relations, hence even if the detectors are
able to observe only high SNR events, the probability of
observation remains significant.

4. Upper-limit on Anisotropic SGWB from the first
two observing run of advanced LIGO incorporating full
noise-covariance matrix: Deepali Agarwal (IUCAA),

Jishnu Suresh (ICRR, Tokyo), Sanjit Mitra and Anir-
ban Ain (INFN, Pisa), have set upper-limits on skymaps
of anisotropic stochastic gravitational wave background
(SGWB) in pixel basis incorporating the full pixel-to-
pixel noise covariance matrix (NCVM). This was not
done in the standard LVK analysis for two reasons, the
NCVM was challenging to compute before the advent of
PyStoch (a very fast SGWB mapmaking pipeline devel-
oped at [TUCAA which is now the official LVK pipeline
for the same purpose), and it is ill-conditioned, so so-
phisticated techniques would be necessary to incorpo-
rate it in the analysis. The authors propose different
schemes using multiple forms of the Likelihood function
to achieve this and also perform an extensive injection
study to compare those. They find that while the upper
limit maps looks quite different for different schemes,
they are still consistent, that is for less than 5% of the
pixels, the conservative 95% upper-limit fall below the
injected value. This exercise validates the simplistic
scheme used in the LVK analysis in pixel basis using
only variances (the diagonal of the NCVM, though in
spherical harmonic basis a regularised full NCVM was
used). They recommend using this simple scheme also
in the All-Sky-All-Frequency (ASAF) analysis.

5. Component separation of anisotropic SGWB from
advanced LIGO data: An anisotropic SGWB can be a
superposition of multiple astrophysical and cosmological
components. Jishnu Suresh (ICRR, Tokyo), Deepali
Agarwal and Sanjit Mitra have jointly set upper-
limits on anisotropic SGWB for different spectral com-
ponents using advanced LIGO’s O1, O2 and O3a data.
While a stochastic background has not yet been de-
tected, such analyses would likely be applied to data
immediately after the first detection.

Matrix Representation of Time-delay interfer-
ometry

An upcoming space based detector of gravitational
waves is the Laser Interferometric Space Antenna
(LISA), a joint project of NASA and ESA. Since the
space-craft are freely floating, it is an unequal arm
interferometer and the laser frequency noise is not can-
celled in a round trip. Cancellation of laser frequency
noise is a mnecessary requirement for LISA to attain
the requisite sensitivity for detecting gravitational
waves. Time-delay interferometry (TDI) is a technique
which linearly combines data from the three arms
with appropriate time-delays, so that laser frequency
noise is suppressed. M. Tinto, S. Dhurandhar and
P. Joshi had previously shown that this problem can
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be translated into the language of algebraic geometry.
They showed that the TDI form a module of syzygies
over a polynomial ring - first defined by Hilbert in 1890.

They have proposed an alternative matrix based
scheme for time-delay interferometry. We show that
the original TDI scheme is just a matrix representation
of the abstract operators - in fact, we explicitly estab-
lish the homomorphism. The advantage is that the ma-
trix based approach naturally adapts to time-varying
arm-lengths because in this case the operators do not
commute and matrices are naturally non-commutative.
They have applied this scheme to LISA.

Hierarchical search strategy in searching com-
pact Dbinary coalescences in the Advanced
LIGO’s first two observing runs

One important idea that needs investigation is em-
ploying hierarchical algorithms in gravitational wave
searches. Such strategies save in the computational cost
in searching for the signals, such as, compact coalescing
binary stars. Saving on computational cost will free up
CPU time for searches of other astrophysical sources.

The hierarchical search involves the following steps.
In the first stage the search is performed by matched fil-
tering the coarsely sampled data with a coarse template
bank, in order to look for candidate events or triggers.
These candidates events are then followed up with a
finer search in the neighbourhood of the trigger. In this
way, enormous computational cost savings are possible
without any loss in sensitivity. Here Kanchan Soni,
Bhooshan Gadre, Sanjit Mitra and Sanjeev Dhu-
randhar report the first successful implementation of
the hierarchical search as a PyCBC-based production
pipeline which performs a complete analysis of the Laser
Interferometer Gravitational Wave Observatory (LIGO)
observing runs. They analyze Advanced LIGO’s first
and second observing run data and recover all the events
detected by the PyCBC (flat) search in the first GW
catalog, GWTC-1, published by the LIGO-Virgo col-
laboration, with nearly the same significance. In the
analysis, they get an impressive factor of 20 reduction
in the computational cost compared to the flat search.
With a standard injection study, they show that the sen-
sitivity of the hierarchical search remains comparable to
the flat search within the error bars.

Optimal chi square vetos applied to real data
from LIGO detectors

S. Choudhary, P. Joshi, S. Bose and S. Dhurandhar The
traditional chi square veto has been applied to the grav-
itational wave data with fair amount of success. How-
ever, this test is ad hoc and is not guaranteed to be op-
timal. In this work, S. Choudhary, P. Joshi, Sukanta
Bose and Sanjeev Dhurandhar construct an optimal
chi square test for glitches in the data which can be mod-
elled as sine gaussians. 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 (S. Dhurandhar et al 2017). The optimal chi
square is constructed the following way: First, the pa-
rameter space of sine-Gaussians is adequately sampled
and a vector space spanned by these sampled vectors is
constructed. By applying singular value decomposition,
the space is whittled down to a much lower dimensional
subspace which best approximates the original space of
the sampled glitches, thus reducing the degrees of free-
dom of the chi square being constructed. This procedure
eventually leads to the required optimal chi square for
sine-Gaussian glitches. It is now being applied to the
real data from the LIGO detectors.

Non-observation of gravitational wave (GW) mi-
crolensing to probe the nature of dark matter

One of the biggest puzzles in modern cosmology is the
existence of dark matter, which constitutes most of the
matter in the universe. If a significant fraction of dark
matter is in the form of compact objects, they will cause
microlensing effects in the GW signals observable by
LIGO and Virgo detectors. In collaboration with an
international team of researchers, Apratim Ganguly de-
veloped a method to constrain the fraction of compact
dark matter to be less than ~ 50-80 % in the mass range
102—10°M® from the (non-)observation of microlensing
signatures in the LIGO-Virgo observing runs.

These modest constraints will be significantly im-
proved in the next few years with the expected detec-
tion of thousands of binary black hole events, providing
a new avenue to probe the nature of dark matter.

A study to show the need for lensing templates
for future LVK observing runs

In collaboration with Aditya Vijakumar (ICTS-TIFR)
and Ajit Kumar Mehta (AEI Potsdam), Apratim
Ganguly has worked on a project investigating the de-
tection and parameter estimation challenges of Type-II
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Figure 6: 90% upper limits on fDM obtained from the O1, O2 and O3a events, assuming monochromatic mass spectrum for
MACHOs (lens mass shown in the horizontal axis). In each panel, three different exclusion regions correspond to three assumed
models of the redshift distribution of binary black holes. The dashed lines show some of the existing constraints from the
microlensing of supernovae (SN) and from the stability of wide binaries (WB) and a star cluster in the galaxy Eridanus II (E).

Figure 7: Upper bounds on fpa expected from future observing runs, shown as a function of the cumulative number of
detected binary black hole events (for lens mass 10° M®).
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lensed binary black hole signals. Type-II lensed GW
signals introduce additional distortions in the strains of
the BBH signals depending on various morphologies.

We investigated the potential applicability of these
distortions in helping identify Type-II signals from a sin-
gle detection. We also investigated the systematic biases
that could arise in the inference of their parameters if
they are unknowingly recovered with gravitational-wave
templates that do not take the distortion into account.
We show in the figure below that the lensing distortions
will allow us to confidently identify Type-II images for
highly inclined binaries: at network signal-to-noise ratio
(SNR) p = 20(50), individual Type-II images should be
identifiable with log Bayes factor In B > 2 for inclina-
tions ¢ > 5m/12(m/3).

Testing Einstein’s theory of relativity with grav-
itational waves

GW detected by the LIGO, Virgo and Kagra (LVK) de-
tectors provide an ideal opportunity to test general rel-
ativity (GR), and any deviations thereof, in a 4 strong-
field regime. Ten different tests were performed by the
LVK collaboration to look for such deviations but all
results were consistent with GR.

Apratim Ganguly, in collaboration with Aditya Vi-
jaykumar and P. Ajith from ICTS-TIFR, carried out the
inspiral-merger-ringdown consistency test on events to
check the consistency of final masses and spins inferred
from the inspiral and merger-ringdown parts of the grav-
itational wave signal.

Gravitational lensing of gravitational waves

Just as electromagnetic waves, GWs can also be lensed
by matter inhomogeneities between the source and the
observer. In the first half of the third observing run
(O3a), the LVK collaboration searched for lensing sig-
natures in their gravitational data. Though the compre-
hensive study of the data has uncovered no compelling
evidence for gravitational lensing of detected events, it
was possible to predict how frequently lensing occurs
and determine how even the absence of detectable lens-
ing effects already improves our knowledge of the com-
pact binary merger rate in the distant universe. The
collaboration also demonstrated how the absence of de-
tection of stochastic gravitational waves from the early
Universe improves our knowledge of the rate of lensing.

Anupreeta More and Apratim Ganguly were key
contributors of this paper in terms of leading and re-
viewing multiple analyses as well as in preparing the

Figure 9: Fractional deviations between the mass (blue)
and spin (red) from the inspiral and post-inspiral parts of the
gravitational waveform inferred from GWTC-3 are compared
against the results from the previous analyses (GWTC-1 and
GWTC-2). The grey vertical line shows the GR value of zero
and the results show excellent consistency with GR.

manuscript

Finding quadruply imaged quasars with machine
learning. I. Methods:

Strongly lensed quadruply imaged quasars (quads)
are extraordinary objects. They are very rare in
the sky — only a few tens are known to date — and
yet they provide unique information about a wide
range of topics, including the expansion history and
the composition of the Universe, the distribution of
stars and dark matter in galaxies, the host galaxies of
quasars, and the stellar initial mass function. Finding
them in astronomical images is a classic “needle in a
haystack” problem, as they are outnumbered by other
(contaminant) sources by many orders of magnitude.
To solve this problem, Anupreeta More and collabo-
rators developed state-of-the-art deep learning methods
and trained them on realistic simulated quads based
on real images of galaxies taken from the Dark Energy
Survey, with realistic source and deflector models,
including the chromatic effects of microlensing. The
performance of the best methods on a mixture of
simulated and real objects is excellent, yielding area
under the receiver operating curve in the range 0.86 to
0.89. Recall is close to 100% down to total magnitude
i ~ 21 indicating high completeness, while precision
declines from 85% to 70% in the range i ~ 17 — 21.
The methods are extremely fast: training on 2 million
samples takes 20 hours on a GPU machine, and 10%
multi-band cutouts can be evaluated per GPU-hour.
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Figure 8: Type-II lensed BBH injections with a network SNRs p = 20(upper row) and p = 50 (bottom row) shown in the 1
- g plane for different total masses. The color bar shows the log Bayes factor between the Type-II and the Type-I recoveries.
Injections which cross our threshold of InB > 2 are plotted using triangles (i.e., distinguishable image types) while the others
are plotted using circles
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The speed and performance of the method pave the way
to apply it to large samples of astronomical sources,
bypassing the need for photometric pre-selection that is
likely to be a major cause of incompleteness in current
samples of known quads. Reference: Akhazhanov,
A., More, A., et al. 2022

Improved statistic to identify strongly lensed
gravitational wave events:

As the number of detected gravitational wave sources
increases with increased sensitivity of the gravitational
wave observatories, observing strongly lensed pairs of
events will become a real possibility. Lensed GW events
will have very accurately measured time delays and mag-
nification ratios. Suppose we identify the lens system
corresponding to a GW event in the electromagnetic do-
main and also measure the redshifts of the lens and the
host galaxy; in that case, we can use the GW event to
constrain important astrophysical parameters of the lens
system. As most lensing events have image separations
that are significantly smaller than the GW event local-
ization uncertainties, we must develop diagnostics that
will aid in the robust identification of such lensed events.
Anupreeta More and Surhud More defined a new
statistic based on the joint probability of lensing observ-
ables that can be used to discriminate lensed pairs of
events from the unlensed ones. To this end, simulations
of lensed GW events were carried out to infer the distri-
bution of the relative time delays and relative magnifi-
cations sub-divided by the type of lensed images. This
distribution was compared to a similar one obtained for
random unlensed event pairs (see Fig. 10). Our statis-
tic can improve the search pipelines’ existing ranking
approach to down-select event pairs for joint parameter
estimates. The distributions obtained can further be
used to define more informative priors in joint parame-
ter estimation analyses for candidate lensed events.
Reference: More A., More S., 2021

HOLISMOKES. VI. New galaxy-scale
strong lens candidates from the HSC-SSP
imaging survey:

Anupreeta More and collaborators have carried
out a systematic search for galaxy-scale strong lenses
in multiband imaging from the Hyper Suprime-Cam
(HSC) survey. The automated pipeline, based on
realistic strong-lens simulations, deep neural network

Figure 10: Time delay and magnification distributions are
shown divided by the phase differences. Images of the same
type i.e. A¢p = 0 are on the left and those of distinct type
i.e. A¢ = /2 are on the right. Except one, all of the other
real GW events are consistent with coming from unlensed
population.

classification, and visual inspection, is aimed at effi-
ciently selecting systems with wide image separations
(Einstein radii ~ 1.0—3.0”), intermediate redshift lenses
(z ~0.4—0.7), and bright arcs for galaxy evolution and
cosmology. The gri images of all 62.5 million galaxies in
HSC Wide with i-band Kron radius > 0.8” were classi-
fied to avoid strict pre-selections and to prepare for the
upcoming era of deep, wide-scale imaging surveys with
Euclid and Rubin Observatory. Over 200 promising
lens candidates were discovered. probable lenses with
either spatially-resolved multiple images or extended,
distorted arcs. In addition, 88 high-quality candidates
that were assigned lower confidence in previous HSC
searches and recovery of 173 known systems in the
literature was also reported. These results demonstrate
that, aided by limited human input, deep learning
pipelines with false positive rates as low as ~ 0.01%
can be very powerful tools for identifying the rare
strong lenses from large catalogs, and can also largely
extend the samples found by traditional algorithms.
Reference: Canameras R., ... More A., et al.,
2021

High Energy Astrophysics

Using the AstroSat Target of Opportunity (ToO) ob-
servations, along with two XMM-Newton observations
in 2015 (pre-outburst) and 2018 June (peak outburst),
Prakash Tripathi and G. C. Dewangan revealed
rare spectral transition in a changing-look active galaxy
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NGC1566. They found that the X-ray power law, the
soft X-ray excess, and the accretion disk components
showed extreme variability during the 2017-2018 out-
burst of the active galaxy. Especially, the soft excess
was negligible in 2015 before the outburst, increased to
a maximum level by a factor of ;200 in 2018 June, and
reduced dramatically by a factor of about 7.4 in 2018
August and became undetectable in 2018 October. The
accretion rate relative to the Eddington rate increased
from 0.1% (2015) to 5% (2018 June) and then decreased
to 1.5% (2018 August) and 0.3% (2018 October). Thus,
NGC 1566 made a spectral transition from a high soft-
excess state to a negligible soft-excess state at a few
percent of the Eddington rate. The soft excess is consis-
tent with warm Comptonization in the inner disk that
appears to have developed during the outburst and dis-
appeared toward the end of the outburst over a timescale
comparable to the sound-crossing time. The multiwave-
length spectral evolution of NGC 1566 during the out-
burst is most likely caused by the radiation pressure
instability in the inner regions of the accretion disk in
NGC 1566.

Tripathi and Dewangan further studied multi-
wavelength spectral changes in the changing-look AGN
NGC1566 using observations performed with XMM-
Newton, Swift and NuSTAR space missions at five dif-
ferent epochs.

They found that at high-flux levels the soft X-ray
excess and the disk emission both provided the seed
photons for thermal Comptonization in the hot corona,
whereas at low-flux levels, where the soft excess was ab-
sent, the pure disk emission alone provided the seed pho-
tons. The electron temperature of the corona increased
from 22 to 200keV with the decreasing numbers of seed
photons from 2018 June to 2019 August. At the same
time, the optical depth of the corona decreased from 4
to 0.7, and the scattering fraction increased from 1% to
10%. These changes were interpreted as the structural
changes in the hot corona that grew in size and became
hotter with the decreasing accretion rate during the de-
clining phase.

Alex Markowitz, K. Nalewajko, G. Bhatta, G. C.
Dewangan, et al. reported results from a 4-d coordi-
nated multiwavelength campaign on the highly peaked
blazar (HBL) Mkn 421 in 2019 January. They obtained
X-ray data from AstroSat, BVRI photometry with the
Whole Earth Blazar Telescope (WEBT), and TeV data
from First G-APD Cherenkov Telescope and explored
short-term multiwavelength variability in this HBL. The
X-ray continuum was rapidly variable on time-scales of
tens of ks. Fractional variability amplitude increaseed

with energy across the synchrotron hump, consistent
with previous studies; Markowitz et al. interpreted this
observation in the context of a model with multiple
cells whose emission spectra contain cutoffs that follow
a power-law distribution. They also performed time-
averaged and time-resolved (time-scales of 6 ks) spec-
tral fits that revealed time-resolved the usual hardening
when brightening behaviour. The broad-band SED is
modelled well with a standard one-zone leptonic model,
yielding jet parameters consistent with those obtained
from previous SEDs of this source.

Swadesh Chand, G. C. Dewangan, P. Thakur, P.
Tripathi and V. K. Agrawal performed comprehensive
temporal and spectral study of the newly discovered X-
ray transient MAXI J1803-298 using an AstroSat target
of opportunity observation on 2021 May 11 during its
outburst. They found the source to be in the hard-
intermediate state, and detected type C quasi-periodic
oscillations (QPOs) at the frequencies of 5.4 and 6.3Hz
along with a subharmonic at 2.8Hz in the 3-15 keV band.
The rms energy spectra indicated the power-law com-
ponent to be more variable than the disk and reflec-
tion components. Based on the X-ray spectroscopy and
considering the distance to the source as 8kpc, the es-
timated mass and spin of the black hole suggested that
the source is likely to be a stellar mass Kerr black hole
X-ray binary.

Computational Astrophysics

A new turbulence regulated model to es-
timate impact of relativistic jets on star
formation in simulated galaxies

Outflows from supermassive blackholes in galaxies are
a major driver of their evolution. It has long been the-
orised that such energetic jets and winds can regulate
the starformation rate in their host galaxy by induc-
ing turbulence in the interstellar medium. However, till
date, most theoretical models have considered the den-
sity of the gas to be sole criteria to estimate the star-
formation rate, ignoring any effect of the local velocity
dispersion. Scientits at TUCAA have now developed a
semi-analytical formalism to estimate quantitatively the
impact of the competing effects of jet driven turbulence
and shock enhancement of density on the star formation
rate in the dense gaseous ISM of galaxies harbouring
young jets. The method has been applied to analyse
the simulations of jet-ISM interaction carried out ear-
lier in 2018. The method involves identifying contigous
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Figure 11: Left: The column density ([ pdz) in the X — Y plane for one of the simulations. The projected image of the
jet tracer is shown in black. Middle: The average mass-weighted velocity dispersion of dense clouds. Right: A map of the

mass-weighted starformation rate surface density.

massive clouds and estimating the starformation rate
by computing the properties of the internal turbulence
of the given cloud. This is a novel approach that ties
the well established formalisms followed in domain of
turbulence regulated studies starformation in molecular
clouds to large scale global simulations of AGN feed-
back.

The column density map, velocity dispersion and star-
formation rate surface density for one of the simulations
have been presented in Figure 11. Dipanjan Mukher-
jee. Ankush Mandal, and collaborators have demon-
strated that a jet can both enhance the starformation
rate at regions of direct impact and subsequently reduce
the efficiency of starformation at other regions where
shocks induced by the jet create local turbulence. This
is shown in Figure 12, where we present the distribution
of starformation rates of clouds as a function of their
mean densities. A bi-modal distribution can be seen,
where clouds close to the jet have enhanced starforma-
tion rate, whereas clouds farther away are lagging com-
pared to the typical values for the no-jet case. This im-
plies that clouds close to the jet have slightly enhanced
starformation due to compression from the jet, whereas
those at a distance have a lowered efficiency due to in-
crease in velocity dispersion. The work has been led by
Ankush Mandal as a part of his PhD thesis. The re-
sults have been published in the Monthly Notices of the
Royal Astronomical Society: Impact of relativistic
jets on the star formation rate: a turbulence-
regulated framework, MNRAS, 508, 4738, 2021.

Estimating the effect of AGN photo-
ionisation in radio loud galaxies

Scientist at ITUCAA including Dipanjan Mukherjee
have carried out radiative transfer based compuations to
find how radiation from a supermassive blackhole, that
also hosts a relativistic jet, can ionise the neighbour-
ing gas in galaxies. The calculations were performed
on simulations of jet-ISM interaction carried out ear-
lier in 2018. The effect of collisional ionisation of the
ISM due to interactions with the jet and its effect on
the photoionisation optical depth was also considered,
which has not been done before. It was found that that
as jets shock and disturb the gas disks in the galaxy,
it significantly changes the structure of the ionisation
cones. This is demonstrated in Figure 13 where the ex-
tent of regions ionised by the AGN’s radiation is shown.
Systems with stronger jet-ISM interaction was seen to
show enhanced opening of the ionisation cones and in-
crease in the extent of the photionised gas. The results
have been published in the Monthly Notices of the Royal
Astronomical Society: The extent of ionization in
simulations of radio-loud AGNs impacting kpc
gas discs, MNRAS, 511, 1622, 2021.

Detection of jet induced outflow in NGC
1167

Scientists at [UCAA, including an international team of
researchers have detected a low power jet clearing the
nuclear region of a galaxy of its gas content. This is
the first unambiguous detection of jet driven outflow in
such system, where other means of powering such mo-
tions can be confidently ruled out. Additionally, since
the power of the jet is weaker than the conventional
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Figure 12: The distribution of starformation rate per unit volume and mean cloud density of different clouds at two different
times of a simulation. The grey crosses denote the distribution for a simulation without a jet, serving as a control sample to
compare with the jetted simulations. The grey dotted line shows the mean trend for the no-jet case. The clouds for the jetted
simulation are represented in colour, with the colorbar indicating the distance from the jet.

Figure 13: The figures show the cross section of density of a gas disc (view edge on in the top left panel and face on in the
middle) being impacted by a relativistic jet. The top right panel shows the temperature of the dense gas (n > 1 cm™?). The
yellow regions in the bottom left and middle panels (corresponding to edge-on and face-on views respectively) show lines of
sight where the AGN’s radiation ionises the gas. The blue circle, denostes the mean ionisation radius, which is ~ 1 kpc for this
case. The bottom right panel shows the unshocked dense gas that has not been collisionally ionised.
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Figure 14: The evolution of density of a gas disk being impacted on by a relativistic jet inclined to it at 45°. The jets are
initially impeded in their path, creating large bubble like outflows, before finally breaking out.

jets that are known to cause such outflows, the work
firmly establishes that lower power jets can be an im-
portant driver of feedback and galaxy evolution. The
paper also heavily involves results from simulations per-
formed by in 2018 (see Figure 14), which have been used
to qualitatively compare with the observed results. The
work has been widely covered in several media outlets
and press releases from ASTRON and ITUCAA. The re-
sult has been recently published in Nature Astronomy:
Cold gas removal from the centre of a galary by a low-
luminosity jet, Nature Astronomy, 6, 488, 2022. A snap-
shot of the simulation performed by me, and used in the
paper, has also been featured in the cover page of the
April 2022 issue of Nature Astronomy, which is shown
in Fig. 14.

Solar Astrophysics

Thermodynamic evolution of a sigmoidal
active region with associated flare

Active regions often show S-shaped topology, called Sig-
moid in the core of active regions. The S-shaped coro-
nal structures, which are highly sheared and twisted,
are observed along the polarity inversion line in the ac-
tive region and are considered to be one of the best pre-
eruption signatures. Fig. 15 shows the sigmoid structure
in Fe XVIIT map (panel (e)) and X-ray images (panels
(g), and (h)) from the X-ray telescope onboard Hin-
ode satellite. Here, Mulay, Tripathi and Mason inves-

tigate the thermodynamic evolution of an on-disk sig-
moid observed during December 24-28, 2015. For this
purpose, they have employed Emission Measure (EM)
and filter-ratio techniques on the observations recorded
by the Atmospheric Imaging Assembly (AIA) onboard
the Solar Dynamics Observatory (SDO) and X-ray Tele-
scope (XRT) onboard Hinode. The EM analysis showed
multi-thermal plasma along the sigmoid and provided a
peak temperature of ~10-12.5 MK for all observed flares
(panels a-d). The sigmoidal structure showed emission
from Fe XXI (128.75 Angstorm) lines in the AIA 94
and 131 Angstormchannels (panel (f)). In this work,
Mulay, Tripathi and Mason have shown that the hot
plasma is often confined to very hot strands within the
sigmoidal region. The temperature obtained from the
EM analysis was found to be in good agreement with
that obtained using the XRT, ATA and GOES filter-
ratio methods. These results provide important con-
straints for the thermodynamic modeling of sigmoidal
structures in the core of active regions. Moreover, this
study also benchmarks different techniques available for
temperature estimation in solar coronal structures.

Hydrodynamics of small transient bright-
enings in the solar corona

The High Resolution Coronal Imager (HI-C) recorded
some of the smallest brightenings in 193 Angstormpass-

54



"ANNUAL
REPORT
2021-22

Figure 15: Panel (a-c): Emission measure (EM) maps for sigmoid in various temperature ranges. Panel (d): EM curve obtained
for the boxed region in panel (b). Panel (e): Fe XVIII emission derived using the combination of three AIA filters, viz. 94,
171 and 211 AngstormPanel (f): Temperature map for the sigmoid obtained using the filter ratio of ATA 94 and 131 channels.
Panel (g-h): Sigmoid observed using the X-ray telescope. Panel (i): Temperature map for the sigmoid obtained using the filter
ratio of two X-ray channels shown in panel (g) and (h).
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band. Using an automatic identification technique, Sub-
ramanian, Kashyap and Tripathi et al. 2018 iden-
tified 27 such brightenings (see Fig. 16) and studied
their energetics in detail by employing the differential
emission measure technique on the six extreme ultra-
violet channels of AIA. They found that the thermal
conduction was the dominant cooling mechanism in the
corona, a property shared by large flares, microflares
and nanoflares. Rajhans, Tripathi and Kashyap per-
formed numerical simulations to ascertain if these tiny
brightenings can be modeled using same physics as those
for larger flares using the Enthalpy Based Thermal Evo-
lution of Loops (EBTEL). For this purpose, a set of
input parameters (loop half length, energy budget and
duration of heating) were identified to produced syn-
thetic light curves, similar to those recorded by AIA.
Simulation results obtained for these input parameters
were used for studying the time evolution of conduction,
radiation and enthalpy. Rajhans, Tripathi and Kashyap
demonstrated that these observations can be modeled
using the physics of flares and have a conduction domi-
nated cooling in corona (see Fig. 17) in the early phase.
Hence, these results are suggestive of the common un-
derlying mechanism for different classes of flares.

Flows in Enthalpy-Based Thermal Evolution of
Loops

1-D simulations of coronal loops show that at a given
time, variation of physical quantities like density, pres-
sure and temperature across the loop is small. Hence
length averaged physical quantities offer characteristic
values for the loops. Studying time evolution of these
length averaged physical quantities is the aim of 0-D
simulations and offers a significantly faster alternative to
1-D simulations. The Enthalpy Based Thermal Evolu-
tion of Loops (EBTEL) is a code based on 0-D hydrody-
namical description of coronal loops. However the flow is
assumed to be subsonic at all stages. This does not hold
good in the impulsive phase and leads to significantly
higher velocities than those obtained from 1-D simula-
tions. In some cases it leads to mach numbers exceeding
unity, in cases where 1-D simulation predicts subsonic
flows. In real world this should lead to shocks creating
internal inconsistency. If shocks are indeed produced in
field aligned simulations, then velocities produced by 0-
D codes should be taken with caution. Therefore it is
important to work out a prescription that includes ki-
netic energy in the energy equation. Rajhans and Tri-
pathi with colleagues have come up with such a scheme
that developed an enhanced version of EBTEL. The en-

hanced version of EBTEL now allows flows to be in de-
cent agreement with those obtained from field aligned
solutions (see Fig. 18). Furthermore enhanced version
also fails to predict correct flows in regimes where flows
in 1-D field aligned simulations are supersonic. Mach
number profiles obtained from 0-D simulations in such
cases can be used to get a simple criterion for predicting
when the flows in 1-D simulations are supersonic.

On the Impulsive Heating of Quiet Solar
Corona

The solar corona is a layer of the atmosphere that hangs
far above the “solar surface” or the photosphere. While
the photosphere is a ~6000 K, the solar corona is at
more than 1,000,000 K. This counter-intuitive tempera-
ture increase in the corona is hypothesized to be caused
by extremely small impulsive burst of energies. How-
ever, since these events are so small, their presence can
be inferred in the corona only statistically. Such statis-
tical analysis requires that we study hundreds of thou-
sands of pixels, and then present the viability & proper-
ties of these events. To this end, Upendran and Tri-
pathi use a statistical, impulsively driven simulation
and generate many thousands of template light curves.
Next, they develop a deep learning method that learns
“how” these light curves may be made. Finally, consid-
ering > 9,00,000 light curves at different wavelengths,
they infer the properties of these impulsive events us-
ing the deep learning method. Their algorithm demon-
strates that impulsive events are a viable source of coro-
nal heating, and that the properties of these impulsive
events follow those of larger impulsive events like flares.
Upendran and Tripathi further find that the results
are consistent with the emptying of a background reser-
voir with small, frequent events or large, intermittent
events. Moreover, the properties of these events with
temperature, consistent with a cooling dominated by
thermal conduction. Thus, a large dataset operated on
by empirical impulsive heating model and deep learning
inversions generates strong constraints on the coronal
heating problem.

Properties of the C II 1334 AngstormLine in
Coronal Hole and Quiet Sun

The solar corona is generally differentiated into the
dark Coronal Holes (CH), Active Regions (ARs), and
the background Quiet Sun (QS). The CHs, well-known
sources of the solar wind, are regions that clearly
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Figure 16: Left: Full disk image of the Sun in ATA-193 passband. The larger white inset represents the Hi-C field of view,
whereas the smaller white inset is the region that locates the brightenings studied in detail. Right: Hi-C image corresponding

to the smaller white inset in the left panel.

show plasma outflows and reduced intensity when com-
pared to QS in the corona. Here, Upendran and Tri-
pathi study the properties of QS and CHs in the C II
1334 Angstormthat forms a bit lower in the atmosphere
called the upper chromosphere. In the C II line, the dif-
ference between CHs and QS is not visually seen. These
two regions are studied statistically over many regions as
a function of the underlying magnetic flux density in the
photosphere. Upendran and Tripathi show that while
visual differentiation is not present, differences start to
arise when the underlying magnetic field is accounted
for. Specifically, they find that the outflow signatures in
CHs over QS are statistically observed for identical mag-
netic flux density. Similarly, the intensity is also reduced
in CHs over QS for regions with identical magnetic flux
density. However, they also find that for pixels which
has plasma falling towards the surface, the CHs show a
larger velocity over QS. This counter-intuitive result is
further validated by the excess asymmetry of the C II
line in CHs over QS. These results show the existence of
signatures of the solar wind already in the upper chro-
mosphere region. However, it raises further questions on
the nature of the dynamics in chromosphere and transi-
tion region in CHs.

On the Formation of Solar Wind and
Switchbacks, and Quiet Sun Heating

In continuation of the work on the C II line properties
in Coronal Holes (CH) and Quiet Sun (QS), Upendran
and Tripathi further study various spectral lines such
as Mg IT h & k, and Si IV including C II, in tandem.
The spectral line properties are studied again as a func-
tion of the underlying photospheric magnetic flux den-
sity. They find that the chromospheric lines show excess
outflows, reduced intensities, and excess inflows in CHs
when compared to QS. Since multiple spectral lines and
features show this observation, these are clear statisti-
cal signatures. However, in the Si IV line only excess
outflows and reduced intensities in the CHs when com-
pared to QS was observed. The inflows are stronger in
QS for regions with similar magnetic field. This shows a
clear dichotomy between the chromosphere and the TR.
A cross-correlation analysis suggests that the outflows
in the chromosphere are amplified in the TR, while the
downflows in the chromosphere may come from either
downflows or outflows in the TR hinting towards a mech-
anism that may be pushing plasma out in opposite di-
rections. Impulsive heating mechanisms are long known
to give rise to such plasma response. Hence, these ob-
servations support a unified scenario of solar wind emer-
gence and coronal heating. In this scenario, impulsive
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Figure 17: The logarithm of ratio of conduction and radiation loss rates after background subtraction from each. Positive
values indicate the dominance of conduction. The result for most suitable duration of heating (black) is bracketed by half
(purple) and double (brown) of the value. Results are shown for three individual brightenings viz. [a] BR-00, [b] BR-07 and [c]
BR-26.
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Figure 18: Panel [a]: Average temperature predicted by 1-D (black), original EBTEL (red) and enhanced EBTEL (green)
for a case where 3.25x 10'" ergs cm™? is deposited in 200 s in a loop of half length of 6.5x10° cm. Note that the heating
profile is triangular in shape. Panels [b]-[c]: Same as [a] but for average pressure, and average electron number density. Panel
[d]: Relative errors in solutions obtained from existing and current versions of EBTEL in density and pressure. Color code is
described in inset. Panels [e]-[f]: Same as [a] but for velocity and Mach number at base.
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Figure 19: The comparison of a representative light curve obtained for 171 Angstormpassband with a simulated light curve.
Observations are shown in translucent orange and simulations are shown in blue. Panel (a): normalized observed and simulated
light curves; panel (b): KDE of observed and simulated light curves; panel (c): global Morlét wavelet power for observation and
simulations; and panel (d): CDF comparison of simulation and observation.
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Figure 20: Variation of C II 1334 Angstormproperties with absolute magnetic flux density. We show the intensity in panel (a)
and the average velocity in panel (b). In panel (c), only pixels with upflows have been considered, while in panel (d) only pixels
with downflows have been considered. The color scale once again follows black for CHs and orange for QS.

Figure 21: A schematic depicting the proposed picture of impulsive heating occurring across different magnetic field topologies.
In the left panel, we show a CH topology, including an open funnel-like structure (black) and closed loops of varying sizes
(yellow). Impulsive events (red asterisks) due to interchange reconnection between the open and closed field lines give rise
to bidirectional flows (blue and red arrows). Of these flows, the upflows are enhanced due to density stratification and the
expanding flux tube in CHs. Interchange reconnection may occur over a range of heights, and the corresponding bidirectional
flows may be observed across different spectral lines marked in approximate order of formation height. An example of the
reconnected field line propagating outward as a switchback is depicted as the dashed line, with the approximate propagation
direction depicted by the black arrows. Right panel: QS topology depicted with the same terminology as CH topology. Note
here that while one does expect correlated bidirectional flows in QS, the upflows are not accelerated due to the absence of
funnel-like structures.
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heating in CHs occurs due to interchange reconnection,
while in QS occurs due to closed loop reconnection. The
plasma response to reconnection at different heights can
give rise to different kinds of flows. Finally, the kinked
field lines may also travel outwards as rotations in the
magnetic field, called switchbacks.

Quantum Technologies

Precision & Quantum Measurement laboratory (PQM-
lab: https://pqmlab.iucaa.in/) Present team members
Sankalpa Banerjee (research fellow), Isita Chatterjee
(research fellow), Prabhat Manna (research fellow),
Stanley Johnson (research associate), Sujaya Das Gupta
(research associate), and Subhadeep De (project inves-
tigator)

The research activities of Precision & Quantum Mea-
surement laboratory (photograph of the labis shown
in Fig. 1) are focused on:(i) quantum metrology, (ii)
precision measurements, and (iii) developing quantum-
phenomena based sensors/ technologies. The heart of
the experimental setup is a trappedytterbium-ion-based
quantum clock. For this, a single ytterbium-ion will be
trapped in an indigenously developed precision ion trap
and the ion will be cooled to sub-mK temperature using
the laser cooling technique. The laser-cooled and con-
fined ytterbium-ion will then be used to probe its highly
forbidden electric octupole (E3) clock transition at 642
121 496 772 645.15 Hz, with few tens of mHz accuracy.
For exciting the clock transition, an ultra-stable laser
having sub-Hz line-width at 467 nm wavelength will be
required. This will be produced by referencing a com-
mercial laser to an indigenously developed reference op-
tical resonator (Fabry-Prot cavity). Tomake the PQM-
lab experiment useful, the ultra-stable nearly monochro-
matic photons needs to be disseminated to geographi-
cally distributed locations within the country and out-
side for establishing networks of optical clocks and in-
tercomparison. For that, we will use lasers atcommu-
nication wavelength-1550 nm and transport them using
optical fibers. However, this is different than the stan-
dard optical communication as the photons frequency
and phase themselves need to be specific and ultra-
stable (narrow line-width as well as having long-term
stability in their phase and frequency) over this long
or very-long distance of transportation. To meet the
requirement aforementioned, activephase noise cancel-
lation of the optical fiber by stabilizing its length will
be implemented , which is a critical technology under
development at the PQM-lab. For absolute referencing

of the communication laser at 1550 nm wavelength, it
will be referenced to the optical clock through an inter-
mediate optical frequency comb. The arrangement of
the optical clock, reference cavity, communication laser,
and stabilized fiber link are schematically shown in Fig.
2, and the present development status of these building
blocks is described in the following sections.

To develop the complex experiment, the main chal-
lenge is that the optical atomic clock and its associated
technologies need to be indigenized. For that, we need to
bring together expertise in the field of laser & optics, in-
strumentation, electronics, and ultra-high vacuum, me-
chanical and software engineers, all of them have to work
collaborativelywith physicists as the experiment has to
be customized to fulfill the particular science goals.In
the long term, PQM-Iab plans to work on three major
inter-connecting areas, which are:

(i) establishing a lab-based reference optical clock, (ii)
ultra-stable optical links to network among distant op-
tical clocks, and (iii) developing a chip ion-trap.

The heart of our PQM-labs experiment is the trapped
ion optical atomic clock. Even though the instrument is
named clock, it measures the frequency of the E3-clock
transition at 642 121 496 772 645.15 Hz, with an un-
precedented accuracy of a few tens of mHz. Ions are
freely moving particles due to their residual kinetic en-
ergies, hence their probability of interacting with laser
light traveling along a fixed direction is a bare mini-
mum. Thus, the creation of a highly controlled envi-
ronment where the experimenting ion(s) can be con-
fined and where all the other parameters, such as stray
electric and magnetic fields,are either cancelled or accu-
rately quantified, is necessary for such highly accurate
measurements. To achieve this,the ions are confined us-
ing oscillating electric fields in a Paul trap. Though
trapped, the ions are still energetic,which is reduced to
a sub-mK temperature by laser cooling. This is100 000
times lower than the room temperature. Upon produc-
ing the cold sample confined in their respective traps,
the clock transition is excited using light from an ultra-
stable and narrow line-width laser, and the occurrence of
the excitation is ensured by the detection of the fluores-
cence produced in this process. Production of sub-Hz
line-width laser is another state-of-the-art technology,
which uses an ultra-stable reference optical resonator,
namely a Fabry-Prot(FP) cavity. Essentially, the stabil-
ity of this external optical resonator is imprinted on the
laser and only a certain optical frequency sustains while
oscillating round-trip inside the FP-cavity. Thus, it acts
as a narrow band-pass optical filter together with the re-
duction of the phase noise, resultingin narrowing down
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a 200 times reduction in the laser frequency noise when
the PID controller is on i.e. when frequency locking
is active.We are working to further reduce the locking
noise by carefully identifying and removing timing vio-
lations in the FPGA design, and by using lower noise
power supplies. With further modifications, we plan
to use the PID design to cancel the Doppler frequency
shift induced by light passing over optical fiber, enabling
the dissemination of optical clock signals over long dis-
tances.

To develop the complex experiment, the main chal-
lenge is that the optical atomic clock and its associated
technologies need to be indigenized. For that, we need to
bring together expertise in the field of laser & optics, in-
strumentation, electronics, and ultra-high vacuum, me-
chanical and software engineers, all of them have to work
collaborativelywith physicists as the experiment has to
be customized to fulfill the particular science goals.In
the long term, PQM-lab plans to work on three ma-
jor inter-connecting areas, which are: (i) establishing a
lab-based reference optical clock, (ii) ultra-stable optical
links to network among distant optical clocks, and (iii)
developing a chip ion-trap. The heart of our PQM-labs
experiment is the trapped ion optical atomic clock. Even
though the instrument is named clock, it measures the
frequency of the E3-clock transition at 642 121 496 772
645.15 Hz, with an unprecedented accuracy of a few tens
of mHz. Ions are freely moving particles due to their
residual kinetic energies, hence their probability of in-
teracting with laser light traveling along a fixed direction
is a bare minimum. Thus, the creation of a highly con-
trolled environment where the experimenting ion(s) can
be confined and where all the other parameters, such as
stray electric and magnetic fields,are eithercanceled or
accurately quantified, is necessary for such highly accu-
rate measurements. To achieve this,the ions are confined
using oscillating electric fields in a Paul trap. Though
trapped, the ions are still energetic,which is reduced to
a sub-mK temperature by laser cooling. This is100 000
times lower than the room temperature. Upon produc-
ing the cold sample confined in their respective traps,
the clock transition is excited using light from an ultra-
stable and narrow line-width laser, and the occurrence of
the excitation is ensured by the detection of the fluores-
cence produced in this process. Production of sub-Hz
line-width laser is another state-of-the-art technology,
which uses an ultra-stable reference optical resonator,
namely a Fabry-Perot(FP) cavity. Essentially, the sta-
bility of this external optical resonator is imprinted on
the laser and only a certain optical frequency sustains
while oscillating round-trip inside the FP-cavity. Thus,

it acts as a narrow band-pass optical filter together with
the reduction of the phase noise, resultingin narrowing
down the line-width of the laser. The ultra-stable op-
tical resonator acts as the flywheel oscillator of the ab-
solute optical reference that comes from very accurate
probing of the clock transition.Another important tool
the optical frequency comb, is used to make the opti-
cal clock transition frequency countable. The frequency
comb outputs an array of equally spaced discrete op-
tical frequencies over a wide band, and the particular
frequency of the laser that probes the clock transition
is locked in phase to oneof the optical combs outputs
frequencies. This phase locks all the discrete output
frequencies of the optical comb and enables optical fre-
quencies far away from the clock transition frequency
to be phase and frequency locked to the clock transi-
tion. This is auseful tool to bridge the gap between
clock transition and fiber optic telecommunication fre-
quencies, also used for ultrastable microwave generation
by intercomparing its stabilized discrete optical frequen-
cies. In the time domain, the frequency comb locked
to an optical clock transition produces periodic opti-
cal pulses with the same ultra-low uncertainty of the
clock transition.Upon generation of the ultra-stable ref-
erence optical frequency using an optical atomic clock
and its associated technologies, for all practical pur-
poses, such as long-term frequency comparison between
different optical atomic clocks for studying fundamen-
tal science,providingtraceability of the reference opti-
cal frequencies to a remote location; dissemination of
these reference photons to a distant location is necessary.
Normal optical fiber communication does not work for
this, sinceit involves complex technology to stabilize the
length of a long optical fiber to an atomic length scale.
This is called phase stabilization of the optical fiber for
dissemination of the reference optical photons without
losing its phase information and introducing noise to it.
The PQM-lab, to start with, is focused on developing a
precision ion-trap, ultrastable FP-cavity, and phase sta-
bilization of the optical fiber. We shall briefly describe
progress on these in the sections below. (a)Science
chamber: An ion-trap with end-cap geometry will be
employed in our experiment to confine a single ion in a
nearly pure quadrupole potential created by it. For this,
elaborate simulations have been performed to identify
the most suitable geometric parameter, choices of the
material, and thereby minimum systematics induced by
the trap itself. Precision machining of the ion trap and
custom design of its ultra-high vacuum (UHV)container,
as shown in Fig. 3, are required to meet the experimen-
tal requirement. The compact science chamber design
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Figure 22: Figure 1: The Precision & Quantum Measurement laboratory (PQM-lab), since June 2021 at [IUCAA. The research
activities of Precision & Quantum Measurement laboratory (photograph of the labis shown in Fig. 1) are focused on:(i) quantum
metrology, (ii) precision measurements, and (iii) developing quantum-phenomena based sensors/ technologies. The heart of the
experimental setup is a trappedytterbium-ion-based quantum clock. For this, a single ytterbium-ion will be trapped in an
indigenously developed precision ion trap and the ion will be cooled to sub-mK temperature using the laser cooling technique.
The laser-cooled and confined ytterbium-ion will then be used to probe its highly forbidden electric octupole (E3) clock transition
at 642 121 496 772 645.15 Hz, with few tens of mHz accuracy. For exciting the clock transition, an ultra-stable laser having sub-Hz
line-width at 467 nm wavelength will be required. This will be produced by referencing a commercial laser to an indigenously
developed reference optical resonator (Fabry-Prot cavity). Tomake the PQM-lab experiment useful, the ultra-stable nearly
monochromatic photons needs to be disseminated to geographically distributed locations within the country and outside for
establishing networks of optical clocks and intercomparison. For that, we will use lasers atcommunication wavelength-1550 nm
and transport them using optical fibers. However, this is different than the standard optical communication as the photons
frequency and phase themselves need to be specific and ultra-stable (narrow line-width as well as having long-term stability
in their phase and frequency) over this long or very-long distance of transportation. To meet the requirement aforementioned,
activephase noise cancellation of the optical fiber by stabilizing its length will be implemented , which is a critical technology
under development at the PQM-lab. For absolute referencing of the communication laser at 1550 nm wavelength, it will be
referenced to the optical clock through an intermediate optical frequency comb. The arrangement of the optical clock, reference
cavity, communication laser, and stabilized fiber link are schematically shown in Fig. 2, and the present development status of
these building blocks is described in the following sections.
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Figure 23: Schematic of the experimental setup that consists of three major sophisticated technologies: ytterbium-ion-based
optical clock, generation of sub-Hz linewidth & ultrastable laser, and phase stabilization of optical fiber.

contains the trap, ytterbium atomic oven, helical res-
onator, single-ion imaging system, and magnetic coils in
all three directions.The precision ion trap development
satisfying the critical design parameters is being carried
out in collaboration with the team led by Sadiq Ran-
gawala at RRI Bangalore to meet the requisites from
both our research groups and possibly to a wider com-
munity in the country.

(b) Reference optical resonator: A Fabry-Perot (FP)
cavity consists of two highly reflective mirrors separated
by a robust spacer, which acts as an optical resonator
since ideally, only certain identical photons sustain af-
ter multiple round trips (~105) within it. Upon build-
ing an ultra-stable FP cavity, its length stability can be
transferred to another laser to lock its frequency using
Pound-Drever-Hall (PDH) technique. This we are im-
plementing to produce an ultra-narrow linewidth (sub-
Hz) & ultra-stable (~10-16 at 1 s) laser, which will be
used to probe the clock transition.

The reference FP-cavity is a state-of-the-art technol-
ogy that we are indigenizing at our lab. We have studied
every aspect of instabilities affecting the FP cavity such
as the effect of optical higher-order modes (HOMs), de-
formation due to self-weight, temperature change, seis-

mic vibration, thermal noise, etc. The analysis work
has been carried out in collaboration with the team of
Sandip Haldar at IIT Goa. Upon analyzing different
material properties, we decided to use Ultra-Low Ex-
pansion (ULE) glass as spacer material and fused silica
for the mirror. The entire assembly will be inside of a
UHYV, as shown in Fig. 4. Simulation obtains fractional
frequency instability of oy = 2.810 — 16 over an integra-
tion time of 1 s for our optimized FP-cavity and that is
compared with the internationally reported other such
cavities in Fig. 5.

(¢) Development of low-noise laser locking electronic
hardware: We have created a very low noise FPGA-
based electronic hardware that will be used for PDH
locking of the laser with respect to the ultrastable FP-
cavity. To test the performance of the developed lock-
ing hardware, we developed an FPGA based emulator
that includes the laser, reference cavity,and the detector,
which is used to generate an analog signal for the FPGA-
based proportional-integral-derivative (PID) controller
and fed its output to the emulator for locking of the
emulated randomized laser frequency. For the locking
hardware itself, we use two FPGA boards, both clocked
from a singlerubidium clock. They are connected to the
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the line-width of the laser. The ultra-stable optical res-
onator acts as the flywheel oscillator of the absolute op-
tical reference that comes from very accurate probing of
the clock transition.Another important tool the optical
frequency comb, is used to make the optical clock transi-
tion frequency countable. The frequency comb outputs
an array of equally spaced discrete optical frequencies
over a wide band, and the particular frequency of the
laser that probes the clock transition is locked in phase
to oneof the optical combs outputs frequencies. This
phase locks all the discrete output frequencies of the
optical comb and enables optical frequencies far away
from the clock transition frequency to be phase and fre-
quency locked to the clock transition. This is auseful
tool to bridge the gap between clock transition and fiber
optic telecommunication frequencies, also used for ultra-
stable microwave generation by intercomparing its sta-
bilized discrete optical frequencies. In the time domain,
the frequency comb locked to an optical clock transition
produces periodic optical pulses with the same ultra-low
uncertainty of the clock transition. Upon generation of
the ultra-stable reference optical frequency using an op-
tical atomic clock and its associated technologies, for all
practical purposes, such as long-term frequency compar-
ison between different optical atomic clocks for studying
fundamental science,providingtraceability of the refer-
ence optical frequencies to a remote location; dissemi-
nation of these reference photons to a distant location
is necessary. Normal optical fiber communication does
not work for this, sinceit involves complex technology to
stabilize the length of a long optical fiber to an atomic
length scale. This is called phase stabilization of the
optical fiber for dissemination of the reference optical
photons without losing its phase information and in-
troducing noise to it. The PQM-lab, to start with, is
focused on developing a precision ion-trap, ultrastable
FP-cavity, and phase stabilization of the optical fiber.
We shall briefly describe progress on these in the sec-
tions below.

(a)Science chamber:

An ion-trap with end-cap geometry will be employed
in our experiment to confine a single ion in a nearly
pure quadrupole potential created by it. For this, elab-
orate simulations have been performed to identify the
most suitable geometric parameter, choices of the mate-
rial, and thereby minimum systematics induced by the
trap itself. Precision machining of the ion trap and cus-
tom design of its ultra-high vacuum (UHV)container, as
shown in Fig. 3, are required to meet the experimen-
tal requirement. The compact science chamber design
contains the trap, ytterbium atomic oven, helical res-

onator, single-ion imaging system, and magnetic coils in
all three directions.The precision ion trap development
satisfying the critical design parameters is being carried
out in collaboration with the team led by Sadiq Ran-
gawala at RRI Bangalore to meet the requisites from
both our research groups and possibly to a wider com-
munity in the country.

(b) Reference optical resonator:

A Fabry-Prot (FP) cavity consists of two highly re-
flective mirrors separated by a robust spacer, which acts
as an optical resonator since ideally, only certain iden-
tical photons sustain after multiple round trips ( 105)
within it. Upon building an ultra-stable FP cavity, its
length stability can be transferred to another laser to
lock its frequency using Pound-Drever-Hall (PDH) tech-
nique. This we are implementing to produce an ultra-
narrow linewidth (sub-Hz) & ultra-stable (~ 10-16 at 1
s) laser, which will be used to probe the clock transition.
The reference FP-cavity is a state-of-the-art technology
that we are indigenizing at our lab. We have studied
every aspect of instabilities affecting the FP cavity such
as the effect of optical higher-order modes (HOMs), de-
formation due to self-weight, temperature change, seis-
mic vibration, thermal noise, etc. The analysis work
has been carried out in collaboration with the team of
Sandip Haldar at IIT Goa. Upon analyzing different
material properties, we decided to use Ultra-Low Ex-
pansion (ULE) glass as spacer material and fused silica
for the mirror. The entire assembly will be inside of a
UHV, as shown in Fig. 4. Simulation obtains fractional
frequency instability of y= 2.810-16 over an integration
time of 1 s for our optimized FP-cavity and that is com-
pared with the internationally reported other such cav-
ities in Fig. 5.

(c) Development of low-noise laser locking elec-
tronic hardware:

We have created a very low noise FPGA-based elec-
tronic hardware that will be used for PDH locking of
the laser with respect to the ultrastable FP-cavity. To
test the performance of the developed locking hardware,
we developed an FPGA based emulator that includes
the laser, reference cavity,and the detector, which is
used to generate an analog signal for the FPGA-based
proportional-integral-derivative (PID) controller and fed
its output to the emulator for locking of the emulated
randomized laser frequency.

For the locking hardware itself, we use two FPGA
boards, both clocked from a singlerubidium clock. They
are connected to the PDH emulator, in the same manner
one would connect to an actual PDH setup, as shown
in Fig. 6. Using this emulator, we have demonstrated
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Figure 24: The design of the science chamber that consists of the ultra-high vacuum container, magnetic coils along all three
directions, helical resonator, and high-resolution imaging system.

Figure 25: Fabry-ProtCavity is housed in an ultra-high vacuum chamber and three layers of thermal shields. The entire
assembly is placed on an active vibration isolation table.
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Figure 27: Experiment setup demonstrating the emulated locking of a laser to an ultra-stable cavity using an FPGA-based
PID controller. Note the steady/locked laser frequency when the PID is turned on, in the inset.
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Figure 26: Reported stabilities of the FP cavities around the world at room temperature (red), cryogenic (blue) ,and that is

compared to our result (green).

PDH emulator, in the same manner one would connect
to an actual PDH setup, as shown in Fig. 6. Using this
emulator, we have demonstrated a 200 times reduction
in the laser frequency noise when the PID controller is
on i.e. when frequency locking is active.We are working
to further reduce the locking noise by carefully identify-
ing and removing timing violations in the FPGA design,
and by using lower noise power supplies. With further
modifications, we plan to use the PID design to can-
cel the Doppler frequency shift induced by light passing
over optical fiber, enabling the dissemination of optical
clock signals over long distances.
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(a) IUCAA-NCRAGraduateSchool
Dipankar Bhattacharya (IUCAA)

Methods of Mathematical Physics 1 (14 lectures] (25 Oct - 17 Dec
2021)

SukantaBose (IUCAA)

Methods of mathematical physics II[14 lectures](27 Dec 2021 - 26
Feb2022)

Debarati Chatterjee [IUCAA)

Quantum and statistical mechanics semester | Term |1 (14 lectures)
(5Jan-23Feb2022)

Ranjeev Misra (IUCAA)

Electrodynamics and radiative processes Il (14 lectures] (27 Dec
2021-26Feh2022]

Dipanjan Mukherjee [IUCAA)

Electrodynamics and radiative processes I{14 lectures](25 Oct - 17
Dec2021)

SomakRaychaudhury (IUCAA)

Intraduction to Astronomy and Astrophysics | (14 lectures](25 Oct -
17Dec2021)

Durgesh Tripathi (IJUCAA)

Introduction to astronomy and astrophysics Il (14 lectures) (27 Dec
2021-26Feh2022)

(b) SAVITRIBAI PHULE PUNE UNIVERSITY
MScLECTURES

(Departments of Physics, and Department of Space Science]
NeerajGupta

Radio Astronomy (Theory 4 lectures), and supervision of radio
astronomy experiments]

Ranjan Gupta

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

SurhudMore

Astronomy and Astrophysics Il, Casmology

D.J.Saikia

Astronomy and Astrophysics - |, Introductory Astronomy and
Astrophysics (40 lectures delivered online] (October 2021 - January
2022)

NishantSingh

Astronomy and Astrophysics - I, General Relativity

(c) SAVITRIBAI PHULE PUNE UNIVERSITY
BScLECTURES

Kandaswamy Subramanian

Interdisciplinary School of Science, Introduction to Astrophysics (27
lectures] (Augustto November2021) [Online]

(c] SUPERVISION OF PhD THESES

(Degrees Awarded)]

Aseem Paranjape

Title: Halo Dynamics and Kinematics: Applications to Large Scale
Structure and Cosmology.

Student: Sujatha Ramakrishnan(IUCAA]

VarunSahni

Title: Dark Matter, Dark Energy and the Early Universe.
Student: SwagatMisra [IUCAA]

(d) SUPERVISION OF PhD THESES
(Degrees ongoing - IUCAA]
Dipankar Bhattacharya

Title:Aninvestigation of polarized emission from Accreting Binary X-
ray Pulsars.
Student: PariseeShirke [IUCAA]

SukantaBose and Anupreeta More

Title: Using Gravitational Waves from Compact Binary Coalescences
to Probe Gravitational Lensing [Strong and Micro] And The Magnetic
Penrose Process.

Student: AnujMishra [IUCAA)

DebaratiChatterjee

Title: Study of the role of neutron star compasition on gravitational
wave emission.
Student: Bikram K. Pradhan [IUCAA)

Title:Study of the role of transport properties in neutron stars on
gravitational wave emissian.
Student: Suprovo Ghosh [IUCAA)

Title: Hadron-quark phase transition in Neutron Stars in the light of
recent multi-messenger observations.
Student: SwarnimShirke [IUCAA]

GulabDewangan

Title: Soft X-ray Excess and Accretion Disk/Coraona Emission from
Active Galactic Nuclei.

Student: Prakash Tripathi (IUCAA]

Title: AstroSat view of accretion discs in Active Galactic Nuclei.
Student: Shrabani Kumar (IUCAA)
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Title: Accretion disk-coronainterplay in Active Galactic Nuclei
Student: KavitakKumari(IlUCAA)

Title: Active Galactic Nuclei and Bright UV Sources in the
AstroSat/UVIT Field
Student: PiyaliGanguli(IUCAA]

NeerajGupta

Title: An unbiased view of cold atomic gas associated with radio-
loud AGNs.
Student: ParthaPratimDeka(IUCAA]

SanjitMitra

Title: Algorithms far Gravitational Wave Data Analysis and Detector
Controls Based on Modern Techniques.
Student: ShreejitJadhav({IUCAA]

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

Title: Efficient Searches for Compact Binary Coalescences and
Scienceinthe LIGO-India Era.
Student: KanchanSoni(lUCAA)

Surhud More

Title: The Galaxy Dark Matter Connection.
Student: NavinChaurasiya [IUCAA]

Title: Cosmalogy from Galaxy Clusters3.
Student: Amit Kumar [IUCAA)

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

Title: Gravitational Lensing probes of Dark Matter.
Student: Priyanka Gawade[IUCAA)

Dipanjan Mukherjee

Title:Modelling the impact of AGN-driven outflows on the star
faormation activity in galaxies.
Student: Mr. Ankush Mandal

Title:Simulating effects of AGN-driven outflows on galactic scales
and predicting their observable signatures.
Student: Ms. Meenakshi

Aseem Paranjape

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

Title: Interplay of galaxy farmation and the evolution of dark matter
haloes inthe cosmic web.
Student: Mr. PremvijayVelmani (IlUCAA]

Kanak Saha

Title: Probing the ionizing radia/on of high-redshi3 galaxies using
AstroSat.
Student:SoumilMaulick(IUCAA]

Title: Probing the assembly of galaxies in high-z universe.
Student:Manish Kataria [I[UCAA]

Title: Clump dynamics of Star-forming galaxies at intermediate
redshift.
Student: Pushpak Pandey[IUCAA]

NishantSingh

Title: Aspects of Turbulent Convection: Implications for Solar
Differential Rotation and Small-Scale Dynamoas.
Student: Kishore Gopalakrishnan (IUCAA]

(e] SUPERVISIONOFPhDTHESES
(Degrees ongoing - Other than [UCAA]

SubhadeepDe

Title: Development of the optical set-up for Ytterbium ion optical
frequency standards.
Student: Lakhi Sharma [CSIR - National Physical Laboratory).

NeerajGupta

Hlanalysis of resolved galaxiesin blind surveys with MeerKAT
Student: Eric Maina - SARAQ, South Africa [co-supervisor, since
2019)

Testing large scale cosmology with MeerKAT
Student: Jonah Wagenveld - MPIfR, Germany (mentor, since 2019]

SureshDoravari

Title: Study of Limiting Noises in Advanced LIGO Pre-Stabilized Laser
System
Student: DivyaDileep (IAR, Gandhinagar)

Introduction to Advanced LIGO & Opportunities for Research &
Technolagical Innovation, followed by a panel discussion on LIGO-
India, Thapar Amateur Astronomers Saociety, Thapar Institute of
Technology, Patiala,Eureka 5.0, Dec 5,2021. [Online]

Introduction to Advanced LIGO & Oppartunities for Research &
Technological Innovation, TechExpo (Virtual Exhibition]-
MindSparks'21, COEP, Oct 30,2021 [Online].

NishantSingh

Title: On effects of small-scale turbulence on the acceleration of
casmicrays.

Student: Mr SayanKundu (IIT-Indore] (Co-supervising)

Title: On magnetic fields of disc galaxies.

Student: Ms SubahSharma (Thapar Instituteof Engg and Tech,
Patiala) (Currently co-supervising]

(f) SUPERVISION OF PROJECTS

Dipankar Bhattacharya

AvaniSahu (PVPIT, Pune]ldentifying patterns in AstroSat CZTI
temporal datavia Machine Learning.
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SukritJaiswal (IISER Pune] completed the project “Study of the rale
of nuclear parameters in p-mode oscillations in Neutron Stars”
under the co-supervision of Bikram Keshari Pradhan

Radhika Agarwal (IIT Gandhinagar] is working on the project “Role of
vector self-interaction in Neutron Star properties” under the co-
supervision of Bikram Keshari Pradhan

Abhinaba Ghosh (IISER Kolkata] CompOSE collaboration project
during the period May-July 2021.

VanshajKerni (IIT Roorkee] CompOSE collaboration projectfrom
August 2021 towards.

SureshDoravari

AahanPalsale (SPPUJAngular mation sensitivity limits of alLlGO
optical levers.

Nishant Mittal (IITB)Improving OSEM sensitivity via phase sensitive
detection and force feedbackin seismic sensors.

Karan Kedia, Aditi Chaluvadi, AvitRane [SPIT, Mumbai)Study of 0SEM
noise in a modulated shadow sensor circuit.

ShivarajKandhasamy

VishakhaPotdar (SPPU)Virtual LIGO Gravitational Wave Detector.
JunaidYousuf (University of Kashmir)Effect of detector calibration
uncertainties on the searches for stochastic GW backgrounds.
Surhud More

Nikita Balodhi (IISER Tirupathi] Study of Galaxy Marphology from
large surveys using Artificial Intelligence.

Esha Garg (IIT Roorkee) Dark matter halo bias.
AnupreetaMore, Suresh Doravari, Shivarajkandhasamy

SiddhikaSriram (Software Engg., Tamil Nadu)Decompose laser
mades using CNN.

Dipanjan Mukherjee

Sahyadri Krishnan (IISER Tirupati] remotely, for his Master's thesis
inthe academicyear2021-2022.

Kanak Saha

Mr. Himanshi A. Bhisikar(lISER Pune] Understanding star formation
inNGC4571 using UVIT and SDSS (M.Sc. Final year thesis].
D.J.Saikia

Rushikesh N. Bhutkar (SavitribaiPhule Pune University, Pune]
Compact radio sources and the unification scheme (co-supervised
by YogeshChandala)

Rahul B. Musale (SavitribaiPhule Pune University, Pune] Compact
radio sources and their symmetry parameters (co-supervised by
YogeshChandola)

NishantSingh

SoumilKelkar(lISER-Pune)new paradigms of stellar convection (Co-
supervision)

ManasadeviP Thirugnanasambandam

PariveshChoudhary (IIT Kanpur] 10m prototype interferometer
optical design in FPMI configuration.

PariveshChoudhary (lIT Kanpur]Length Sensing and Control
Schemes for a Three-Mirror Coupled Cavity.

(g) SEMINARS,COLLOQUIA,ANDLECTURES
Tek Prasad Adhikari

X-ray Astronomy and XMM-Newton data analysis,X Ray Astronomy
Workshop 7-10 March, 2022 arganized by Tribhuvan University,
Nepal, March7,2022.

DipankarBhattacharya

AstroSat Mission: Science Highlights, National Space Science
Symposium, 01 Feb 2022. [online]

DebaratiChatterjee

Probing the Neutron Star interior with f-modes, Universidad de
Valencia, Spain, April 9, 2021.

Imprints of the internal compaosition of neutron stars on
gravitational wave emission, International Centre for Theoretical
Sciences, Bengaluru, June 39,2021

Signatures of Strangeness in Neutron Star Merger Remnants,
workshop Probing Nuclear Physics with Neutron Star Mergers,
European Centre for Theoretical Studies in Nuclear Physics and
Related Areas, Trento, Italy, July 14,2021

Role of Neutron Star interior composition in Gravitational Wave
emission, IUCAA, Aug 6,2021.

Gravitational Waves: window to an unforeseen Universe, NIT Surat,
National Science Day, 28 Feh, 2022.

Neutron Stars: Astrophysical Probes of Extreme Matter, EXPLORE
2022 workshop, Astrophysical Laboratories of Fundamental
Physics, 29 March, 2022.

SubhadeepDe

Applications of the optical atomic clock as a quantum sensor, SVNIT,
Surat, 14 March2022.

Optical atomic clock: a quantum sensor to investigate fundamental
science, CSIR-NPL, New Delhi, 04 March 2022.

IUCAA's optical atomic clock aiming for quantum metrology, IIT
Delhi, 03 March 2022.

Quantum sensing using atomic clacks, IUCAA National Science Day
27 Feb.2022.

GulabDewangan

Growing Black Holes: Accretion and mergers, Science Highlight of
AstroSat,Kathmandu, Nepal, 15 -20 May 2022.
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Multi-wavelength study of Compactobjects with AstroSat, 2"China-
India Workshop on High Energy Astrophysics, 6-10 December, 2021.

An Introduction to Active Galactic Nuclei, NIUS Astronomy 2022,
HBCSE (Mumbai), 19 June 2022.

Active Galactic Nuclei, Radio Astronomy School, RAWS2021, 30
December2021.

Probing Central Engines of Active Galactic Nuclei with AstroSat, 3-
dayworkshop on High Energy Astrophysics, 9-11 May 2022.

Apratim Ganguly

Detection and parameter estimation of Type-II lensed binary black
hole mergers, Amaldi 14 on July 22, 2021.

NeerajGupta

The MeerKAT Absaorption Line Survey: computing and big data
challenges, HPC for Astronomy & Astrophysics, National
SUpercomputing Mission, India, October 2021

The MeerKAT Absorption Line Survey: evolution of cold gas in
galaxies, SKA Science Meeting as partof ASI, 2022.

Ranjan Gupta

Labaoratory Study of Regolith Analogues,IUCAA Faculty Talk, August
2,2021.[online]

An Introduction to Astronomy & Astrophysics, St. Joseph's College
(Autonomous), Jakhama, Nagaland 17th of September,
2021.[online]

India's involvement in Mega Projects in Astronomy and A Career in
Astronomy &Astrophyiscs, St. Joseph's College [Autonomous),
Jakhama, Nagaland 17th of September, 2021.[online]

Mega Prgjects in Astronomy,International Lecture Series on Recent
Advances on Pure and Applied Physics, Department of Physics,
University of Science & Technology, Meghalaya (USTM], Octaober, 1,
2021. (online)

Laboratory Study of Regolith Analogues - relevance to recent
Asteroid regalith sample return missions, SNBNCBS, Kalkata on
February21,2022.

ShivarajKandhasamy

Stochastic gravitational wave background, Build-a-detector
workshop, IUCAA and Glasgow University, UK, June 3,2021. [Online]

Status update on LIGO-India, LIGO-Virgo-KAGRA collaboration
meeting, Louisiana State University, USA, March 16, 2022. [Online]

RanjeevMisra

Puzzle Challenges from AstroSat observations of X-ray binaries, AS|
Meeting 2022, [IT Roorkee, March 2022.

Black Hales in the Universe,workshop on Emerging Trends in High
Energy Astrophysics (ETHEA), Tezpur, March 2022

Black Holes in the Universe, warkshop on Exploring the Cosmos 22,
North Bengal Univ, Silguri, March 2022.

Spectral and Temporal behavior of Blazars, Second China-India
Workshop on High Energy Astrophysics, Dec 2021.

Black Haoles in the Universe, workshop on Emerging Trends in
Physical Sciences, ICFAIUniv, Tripura, Oct 2021.

Black Holes in the Universe, SAAQ, South Africa, Oct. 2021.

Some Questions: Mostly about black hole systems, IUCAA Retreat,
August2021

SanjitMitra

Hunting for Gravitational Waves from Ground and Space,
21°National Space Science Symposium [NSSS), Center of
Excellence in Space Sciences India, Indian Institute of Science
Educationand Research Kolkata, Feb 3,2022.

Gravitational Waves & LIGO-India,V.P.Mahavidyalaya, Vaijapur, Dist.
Aurangabad, October18,2021. [Online]

Surhud More

SubaruHSC collaboration meeting invited talk, Mar 1,2022

Weak lensing casmology from the Subaru Hyper Suprime-Cam
survey, Plenary talk at the 27th International Conference of
International Academy of Physical Sciences on Advances in
Relativity and Cosmology, Oct 28, 2021.

Weak lensing cosmology from the Subaru Hyper Suprime-Cam
survey, lISCcolloquium, Mar4, 2022.

Weak lensing from the Subaru HSC Year 3 data, Subaru HSC
collaboration meeting, March 1,2022.

Dipanjan Mukherjee

Simulating the jet-ISM interaction in CSS-GPS galaxies, 6th
Warkshop on CSS and GPS radio sources, virtually, 10th-14th May,
2021. [Online]

Simulating the impact of jet-driven outflows on different scales, the
virtual international conference from 14-18th June, 2021,
organised by MPIA Hiedelbergand IIT Indore.

Simulating young evalving relativistic jets from supermassive black
holes, MPIFR on April 27,2021. [Online]

Simulating young evaolving relativistic jets from supermassive black
holes, University of Sheffields, Sept. 20, 2021. [Online]

How supermassive blackhaoles affect galaxy evalution, workshop on
High Performance Computing for Astronomy and Astrophysics,
organised jointly by the National Supercomputing Mission and IIT
Kharagpur, Sept.23,2021.[0nline]

Simulating young evaolving relativistic jets from supermassive black
holes, Indian Insititute of Science, Feb. 2, 2022. [Online]

Simulating young magnetised jets from supermassive black holes,
Plenary talk at the annual meeting of the ASI1 2022, March 27, 2022.

AseemParanjape

The radial acceleration relation in a $\Lambda$CDM universe, Sharif
University of Technology, Tehran Nov 21, 2021. [Online]
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The radial acceleration relation and the external field effect in a
$\Lambda$CDOM universe, DIPC, San Sehastian, Feb 4,2022. [Online]

Kanak Saha

Explaring AstroSat UV Deep Field, Astronomischesinstitut, Ruhr-
Universitat Bochum, Germany, May 19,2021

Exploring the AstroSat UV Deep Field, Galaxy Science Collaboration,
LSST,Junel,2021.

Exploring the AstroSat UV Deep Field, UNIVERSIDADE FEDERAL DO
RIO DE JANEIRO, Brazil, July 13,2020

Some aspects of galaxy research, IUCAA virtual retreat, IUCAA,
August13,2021.

Extreme UV photons from AstroSat UV Deep Field,17"Prof. J.M.
SassarmaMemoaorial Lecture, Scottish Church College, Nov 20, 2021

Lyman Continuum leakers from AstroSat UV Deep Field, Contributed
presentationat NUVAvirtual meeting, Nov 26 - 27,2021 [Online]

The Extraordinary Escape of Extreme-UV photons, Coochbehar
Panchanan Barma University, West Bengal, Dec 10, 2021.

Galaxies: Formation and evolution, Introductory workshop on
Astronomy and Astrophysics, Kashmir Univ., Dec 18 -19, 2021.

Extreme UV photons from high redshift galaxies, TIFR, Mumbai,Jan
19,2022.

Extreme UV photons from distant galaxies, Institute for Plasma
Research, Gandhinagar, Jan24,2022.

Extreme UV photons from AstroSat UV Deep Field, The Physical
Saciety, ISER Thiruvananthapuram, Kerala, Jan 25, 2022.

Extreme UV photons from high redshift galaxies,Sixth Lecture
Waorkshaop on Trans-disciplinary Areas of Research and Teaching by
Shanti Swarup Bhatnagar Awardee, DDU+NASI, India, Feb 2,2022.

Extreme UV photons from distant galaxies, Institute of Science,
GITAM Univ.Andhra Pradesh, Feb 21, 2022.

Extreme UV photons from high redshift galaxies,|ISER Tirupati, Feb
23,2022.

Probing Early galaxy formation using AstroSat UV Deep Field, the
International Seminar on Astrophysics and Cosmalogy, Univ. Of
North Bengal, March 03,2022.

D.J.Saikia

Jet propagation in young radio galaxies, conference on
Astrophysical jets and observational facilities : National perspective,
ARIES, Nainital, April 05, 2021.

Recurrentjet activities in galaxies, S. M. Chitre Memaorial Symposium
on Frontiers in Astrophysics and Fluid Mechanics, UM-DAE-Centre
for Excellencein Basic Sciences, Mumbai, May 08, 2021.

Exploring the Universe at radio wavelengths, Chancellor Lecture
Series, Assam down town University, Guwahati,May 22, 2021.

A multi-messenger view of our Universe and the engineering
challenges encountered, Space Technology Club, Assam

Engineering College, Guwahati, November 08, 2021.
Nishant Singh

A Virtual Nordic Dynamo, seminaronMean-field dynamo action in
shear flows: cases of fixed and fluctuatingkinetic helicity, April 13,
2021

DurgeshTripathi

Solar Ultraviolet Imaging Telescope, PMOD Colloquium, April 13,
2021 [with SUITTeam][ONLINE]

The Aditya-L1 Mission: ISRQO's observatory in space for solar
observations, 15th Solar Terrestrial Physics symposium, Online, Feh
21-25,2022 (Aditya-L1team]) [ONLINE]

Dynamics of the Solar Atmosphere, Department of Space Science
and Astronomy, lIK Kanpur, 7th March 2022.

On the heating and Dynamics of Solar Transition Region,
40"Astronomical Society of India Meeting, 25-29 March 2022, IIT
Roorkee and ARIES Nainital [with A. Rajhans, James
Klimchuk][ONLINE]

Mg Il care-to-wing ratio and its center to limb variation in sunspots
from IRIS”, Contributory talk, 40" Astronomical Society of India
Meeting, 25-29 March 2022, IIT Roorkee and ARIES Nainital
[MeghaAnand, DurgeshTripathi, Pradeep Kayshap][ONLINE]

Flows in enthalpy-based thermal evolution of loops, Third Parker
Solar Probe Meeting, November 8, 2021[Abhishek Rajhans,
DurgeshTripathi, Stephen Bradshaw, Vinay Kashyap, James
Klimchuk] [Online]

Flows in enthalpy-based thermal evolution of loops, 16th European
Saolar Physics Meeting, September 8, 2021 [Abhishek Rajhans,
DurgeshTripathi, Stephen Bradshaw, Vinay Kashyap, James
Klimchuk] [Online]

Flows in enthalpy-based thermal evolution of loops, XVIith Hvar
Astrophysical Colloguium, September 21, 2021 [Abhishek Rajhans,
DurgeshTripathi, Stephen Bradshaw, Vinay Kashyap, James
Klimechuk] [Online]

The Impulsive Heating of Quiet Solar Corona, Physikalisch-
MeteorologischeObservatorium Davos/World Radiation Center
(PMOD/WRC), 11 May 2021, [ONLINE] [Vishal Upendran &
DurgeshTripathi]

Solar wind prediction using deep learning, PSP scholar meeting,
August 17, 2021 [ONLINE] [Upendran V, Cheung M, Hanasoge S,
Krishnamurthi G].

Chromospheric and transition region dynamics in coronal holes and
quiet Sun, the Hinode-14/IRIS-11 meeting from 25 - 28 October
2021 [ONLINE] [Vishal Upendran&DurgeshTripathi]

Solar wind prediction using deep learning, the Solar Orhiter
International Science Working Group on Solar wind sources and
connection, October 14, 2021 [ONLINE] [Upendran V, Cheung M,
Hanasoge S, Krishnamurthi G]

On the formation solar wind and switchbacks, and Quiet Sun
heating, 1-hour student seminar at IUCAA on 7 December 2021
[ONLINE] [Vishal Upendran&DurgeshTripathi]
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Solar wind signatures in the chromosphere, American Geophysical
Union [AGU] - 2021 from 1-31 December 2021. Received the
Outstanding Student Presentation Award for this talk. [ONLINE]
[Vishal Upendran&DurgeshTripathi].

On the formation solar wind and switchbacks, and Quiet Sun
heating, the European Solar Physics Online Seminars (ESPQS)]
meeting, December 16, 2021 [ONLINE] [Vishal Upendran & Durgesh
Tripathi]

Solar Ultraviolet Imaging Telescope (SUIT] Farward Madelling,
21"National Space Science Symposium, February 2022, [S. Roy, A.
Bhasari, V. Witzke, D. Tripathi, P. Sreejith, A. N. Ramaprakash, S.
Alexander, S. Solanki] [Online]

Solar Ultraviolet Imaging Telescope [SUIT) Forward Madelling, 40th
Astronomical Society of India Meeting, March 25 - 29, 2022, IIT
Roaorkee and ARIES Nainital, [S. Ray, A.Bhasari, V. Witzke, D. Tripathi,
P.Sreejith, A.N.Ramprakash, S. Alexander, S. Solanki]

Our Dynamic Sun, Introductory workshop in solar physics workshop
atFergusson College, Pune, August 24, 2021 [ONLINE)

ManasadeviP Thirugnanasambandam
Building the quietest machine to listen to the sound of space-

time,Women's day with women scientists (Tara Govt College,
Telangana], March 8,2022.

(h) LECTURECOURSES

Dipankar Bhattacharya

Stellar Structure(4 lectures), IUCAA Summer School on Astronomy
and Astrophysics, 10 - 13May 2021.

DebaratiChatterjee

Compact Stars 1 & 11 (2 lectures), IUCAA Introductory Summer School
in Astranomy and Astrophysics + Refresher Course 2021, broadcast
live on Youtube, 20 - 21May, 2021

SubhadeepDe

Atomic Clocks, Introductory Summer School in Astronomy and
Astrophysics (ISSAA] & the Refresher Course in Astronomy and
Astrophysics (RCAA], 2021.

GulabDewangan

‘X-ray astronomy & Active Galactic Nuclei', (2 lectures],
Introductory Summer Scholl Summer School and Refresher Course
atIUCAA, May - June2022.

NeerajGupta

ISM and Radio Astronomy, (3 lectures]), Introductary summer schaool
in Astronomy &Astrophysics May - June, 2020.

Ranjan Gupta

Photometry & Spectroscapy,[2 lectures],IJUCAA Summer School in
Astronomy &Astrophysics,17-18 May 2021, [Online]

ShivarajKandhasamy

Detector characterization and calibration of Advanced LIGO,
Introductory Summer School in Astronomy and Astrophysics

(ISSAA)E the Refresher Course in Astronomy and Astrophysics
(RCAA) 2021, June11,2021.[Online]

RanjeevMisra

Radiative Processes, (2 lectures]IUCAA Summer School, June
2022.

SanjitMitra

Gravitational Waves (3 lectures], Introductory Summer School in
Astronomy and Astrophysics (ISSAA) & the Refresher Course in
Astronomy and Astrophysics (RCAA), IUCAA, Jun 8-11,2021.

Introduction to Gravitational Wave Astronomy, (1 lecture]
Introductory Workshop on Astronomy and Astrophysics,
Department of Physics, University of Kashmir, December 18, 2021.

Gravitational Waves & LIGO-India,(2 lectures), Ad Astra - Astronomy
and Science Club of BITS Pilani, Hyderabad Campus, Feh. 2, 2022.
[Online]

Surhud More

Gravitational lensing (2 lectures), IUCAA Summer School cum
Refresher Course, May 28 - June 2, 2021 Cosmalagy, (4 lectures),
IUCAA Summer School cum Refresher Course, May 19,20, 21, 24,
2021

Dipanjan Mukherjee

fluid simulations and hands-on training, (4 lectures), The Annual
meeting of ASI 2022, March 25,2022. [Online]

Radiative transfer,[4 Lectures], IUCAASummer School in AGA2021
Computational astrophysics, (1 lecture], IUCAA Summer School in
ABA2021

Kanak Saha

Galaxies, (3 lectures), IUCAA Summer Schoalin AGA,May 2021

Astrophysics (18 lectures), MSc Class, CoochBehar Panchanan
Barma University, May - June 2020.

D.J.Saikia

Radio Astronomy, (10 lectures], Centre for space science and
technology education in Asia and the Pacific [Affiliated to the United
Nations] Physical Research Laboratory, Ahmedabad 12th Post
Graduate Course in Space and Atmaspheric Science, March 2022,
[Online]

Astrophysical jets and supermassive black holes (2 lectures),
ISSAA/RCAA 2021, IUCAA, Pune, June 03 - 04,2021.

Milky Way: an overview,(1 lecture], IUCAA-NCRA Radio Astronomy
Winter School 2021, IUCAA, Pune, December27,2021.

Nishant Singh

Fluids and Plasma Physics,(4 lectures]), IUCAA's summer
school/RefresherCourse, May-June 2021.
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(1) POPULAR/PUBLICLECTURES

DebaratiChatterjee

Neutron Stars: Astrophysical Probes of Extreme Physics, Physics &
Astronomy Club, IIT Delhi, March 11, 2022

Future opportunities for Indian girl students in Mega-Science
projects: LIGO-India, Women's Day at Nehru Science Centre,
Mumbai, March 3,2021.

From Nuclei to Neutron Stars: Probing nuclear matter, Horizon
Astronomy Club of [IT Madras, Sept 13, 2020.

ApratimGanguly

A gravitational-wave peck at the stellar graveyard, LIGO-India
National Science Day 2022.

NeerajGupta

Square Kilometer Array [SKAJ: the largest radio telescope, IUCAA
Science Day, Feb 28,2022

SanjitMitra

An eventful beginning of Gravitational Wave Astronomy, Cosmalogy
Club, Delhi Technological University, Oct. 28, 2021. [Online]

Surhud More

Ask an Astronomer series, by the ASI public outreach andeducation
committee, Jan 8,2022

D.J.Saikia

Non-vialent canflict and social justice, International conference on
impact of conflict on humanities, St. Pauls College, Bengaluru, June
25,2021

Developing empathy and the importance of studying literature,
Faculty Development Programme on New Trends in English studies,
Tezpur University TLC and Department of English, Tezpur, January
17,2022

Towards haolistic liberal education, Faculty Development
Programme, Exploring dynamics of the classroom NEP and NAAC
perspective, St Pauls College, Bengaluru, January 25, 2022.

Kanak Saha

Astrophysics of Galaxies, ABN Seal College and Breakthrough
Science Society, Coochbehar,
Dec.21,2021

() RADIO/TVPROGRAMMES

DebaratiChatterjee

Listening to the Cosmos, podcast (4 interviews] of international
Gravitational Wave experts for the LIGO-India podcast channel:
1.Dr.Karan Jani (Vanderhilt University, Nashville]

2. Prof.Sanjeev Bhurandhar (IUCAA, Pune]
3. Prof. Anna Watts (University of Amsterdam])

OtherPedagogical activities by LIGO-India:
LIGO-IndiaInstrument Science Training atIUCAA

The LIGO-India team at IUCAA has been engaged in imparting
training to college students fram across India to foster aninterestin
Gravitational Wave Detector related physics and technology. We
have equipped a Design Cell with COMSOL, Saolid Works, LahView
software and related data acquisition hardware. These tools are
being used to develop the apparatus we plan to build in the various
laboratories where student projects are being undertaken. Over the
pastyearwe have built six single stage Suspension Training Modules
(STM] and designed and fabricated the analog circuits thatinterface
these suspensions to a LahView based control and data acquisition
system. In addition, we have also built a Mock Advanced LIGO
Control room in the Design Cell and also put together a stand alone
Control and Data System [CDS] that is analogous to the CODS used an
the LIGO sites. These various training modules are used by baoth
undergrad students and our in-house LIGO-India personnel to
impart to them the skills needed to commission and operate an
Advanced LIGO detector.

We are engaged in building several laboratory facilities to house our
experimental activity. A laboratory has been built in the Teacher
Learning Center, IUCAA, whichincludes a cleanroom for an advanced
optics laboratory. A laboratary for training teachers and engaging
students in interferometry has also been developed in the same
facility. Another labaratory for Gravitational Wave detector related
instrument science is under development in the SITARA facility an
the S. P. Pune University campus. These laboratory facilities would
be used for both advanced research as well as training of persannel
who would go on to contribute to the installation, commissioning
and operation of the LIGO-India Observatory.

LI-EPO Blog “Gravity Matters” on LIGO-India website and social
media channels continued to promote GW related sciences amang
general public, including features about Gravitational Wave science,
Waomen in GW Astronomy, SciArt, articles in vernacular languages
and more. Some of the new highlights include podcasts by
distinguished gravitational wave personalities like Prof. Sanjeev
Dhurandhar and Prof.TarunSouradeep, Behind-the-Scenes
interviews with GW researchers and students.
https://www.ligo-india.in/gravitymatters/

“Listen to the Universe” children’s book launch on GW discovery
anniversary

An illustrated children's pop-up book in Marathi - “AikaBrahmand
Kay Mhante" (Listen to the Universe] was launched on the occasion
of the anniversary of the first direct detection of gravitational waves
by LIGO. This book was written by the University of Glasgow, IUCAA
SciPOP in collaboration with LIGO-India EPO (Manasadevi P
Thirugnanasambandam] and supported partly by the Newton
Bhabha Fund. The book has initially been published in Marathi, the
native language of school children in the vicinity of the LIGO-India
observatary site in Maharashtra. The book reading videos were
premiered on LIGO-India EPO's YouTube channel on 14th
September, 2021, in three languages, including Marathi, English as
well as Hindi, in spirit of the Hindi Divas which was also celebrated on
thesameday.

LIMMA 2019 conference videos
A series of videos shot during the LIMMA conference in 2019, where

the world's leading experts on gravitational wave detectors had
gathered to discuss the new physics and astrophysics they may
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unravel in the era of LIGO-India, were released on various occasions
during 2021. The interviewers included many of the LIGO-India team
members [Sukanta Bose, Suresh Doravari, Vaibhav Savant]. The
videos are available on the LIGO-India Youtube channel -
https://www.youtube.com/LIGOIndia

“Build adetector workshop” (May 31-Junell, 2021)

A collaboration between the Newton-Bhabha and LIGO India
partnership, this workshop taught students about gravitational
wave (GW] science and the necessary considerations taken in order
to design and concept-build a gravitational wave detector as well as
the likely signals to be measured. A set of lectures were given on the
main budget noises as well as the possible sources to detect.
Assignments were given at the end of each lecture and discussed in
each Q&A sessions. The last three days of the workshop focused on
the teams designing their own gravitational wave detector with its
own noise budgetand source plot.

LOC: Debarati Chatterjee and Mariela Masso-Reid (Newton-Bhabha
fund]

Volunteers for Drop-in session: Manasadevi P
Thirugnanasambandam, Suresh Doravariand. ShivarajKandhasamy

National Science Day 2022 - organised by LI-EPO, streamed on
YouTube

Puhlic talks in English by Shasvath Kapadia (ICTS]), ApratimGanguly
(IUCAA), Prof Giles Hammond (Uni Glasgow], and in Marathi by Prof
Varun Bhalerao (IIT Bombay]

Important LIGO-India press-releases

The LI-EPO team was involved in compasing and distributing LIGO-
India Scientific Collaboration (LISC] press releases among the local
and national media in India. These included important
announcements and events of LIGO Scientific Collaboration [LSC)
for which working groups from the LISC had contributed actively.
The waork of Indian working groups was highlighted to ensure their
visihility in the mainstream media. Some press releases were also
translated to Hindi and Marathi. Some of the past press releases are
listed below.

e (3alensing
https://www.ligo-india.in/outreach/detections/o3alensing/

03IMBH
https://www.ligo-india.in/outreach/detections/o3imbh/

NSBH GW200105 & GW200115
https://www.ligo-india.in/outreach/detections/nsbhdiscovery/

03 All sky, all frequency search
https://www.ligo-india.in/outreach/detections/o3asaf/

GWTC-3 catalog
https://www.ligo-india.in/outreach/detections/o3bcatalog/

03b Tests of GR
https://www.ligo-india.in/outreach/detections/o3btgr/

LIPress Conference - July2,2021

Panelist: Debarati Chatterjee, Anupreeta More, Somak
Raychaudhuri, SanjitMitra, Sukanta Bose, Balalyer, P. Ajith, Archana
Pai, Varun Bhalerag, K. G. Arun, BhoosanGadre, Samir Dhurde

A press webinar was organised hy LI-EPO to highlight “Recent
milestones in GW Astronomy” particularly contributions from
scientists from the LIGO-India Scientific Collaboration [LISC)
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Report on BRICS Astronomy Working Group (BAWG]) meeting hosted online at IUCAA during May 19-20, 2021

The BRICS Astronomy Working Group
(BAWG] provides a platform for BRICS
member countries to collaborate in the field
of astronomy. This year India has assumed
the Presidency of BRICS Meetings and on
this occasion, IUCAA and DST, New Delhi,
jointly hosted an on line meeting of the
7th BRICS Astronomy Warking Group
(BAWG] during May 19-20, 2021 at IUCAA.
Participants from all five countries (Brazil,
Russia, India, China and South Africa)
participated in this meeting with more than
50 participants consisting astronomers
and government officials from these
countries. The key scientific institutions
that participated from the BRICS countries
include the Tata Institute of Fundamental
Research, Mumbai, Indian Institute of
Astrophysics, Bengaluru, National Center
for Radio Astrophysics, Pune, University
of Delhi from India; National Laboratory
on Astrophysics; Brazilian Center for
Research in Physics, National Institute for
Space Research from Brazil; Institute
of Astronomy of the Russian Academy
of Sciences from Russia; National
Astronomical Observatories, Chinese
Academy of Sciences from China; The South
African Astronomical Society, DST South
Africa, National Research Foundation, from
South Africa.

The first day of the meeting was on the
presentations made by each of these

countries on the progress of BRICS Flagship
Project on "BRICS Intelligent Telescope and
Data Network [BITDN]" followed by a
discussion on the proposed formation
"BRICS Astronomy Assaociation”. The second
was primarily on the presentation of
concluding remarks from the officials of the
five respective countries followed by the
preparation of the "Resolutions of the 7th
Meeting of the BRICS Astronomy Working
Group" by the BRICS Secretariat based at
South Africa. The BAWG noted the
importance of enhancing collaboration

Introductory Summer School on Astronomy and Astrophysics

The Introductory Summer School on
Astronomy and Astrophysics [ISSAA 2021)
for college and university students, which
was held concurrently with the Refresher
Course on Astronomy and Astrophysics
(RCAA 2021) for college and university
teachers, was conducted by IUCAA during
May 10 - June 11, 2021. The events
were conducted virtually through the Zoom
video conferencing platform, and also
simultaneously live streamed on YouTube.
This year we had received a very
enthusiastic interest for the Summer
School, with more than about 1,300
applications. About 750 students, pursuing
Bachelor's and Master's degrees in different

scientific and technical disciplines from
different Indian colleges and universities,
were invited to attend the lectures. The
intensive lecture series consisted of 30
different topics, ranging from the basic
pedagogical lectures on introductory
astronomy to more advanced talks
on cutting edge research. The broad
range of lectures were meant to introduce
the fundamentals of astronomy and
astrophysics, as well as give them a flavour
of the current developments in the frontier
research topics and techniques. The
lectures were delivered by faculty,
postdocs, and PhD students from [UCAA,
along with a two-part guest lectures on

among astronomers from the BRICS
countries. The respective Focal Paints in
each country will organize a discussion
on the creation of BRICS Astronomy
Assaociation and report to the Secretariat for
further actions. The BAWG thanked India for
successfully hosting the 2021 meeting and
China has offered to host the next BAWG
meetingin2022.

The BAWG was organized by Ranjan Gupta
who is the current Chairman of the India
BAWG.

Astrophysical Turbulence by Dhrubaditya
Mitra (NORDITA, Sweden]. This year, we
also had live demonstrations of several
astronomy related experiments to
encourage the participants to gain more
hands-on experience on astronomy, and
the topics included experiments on radio
astronomy, demonstration of building a
small telescope and its usage, and a tutorial
on an open source planetarium software
Stellarium. The live demonstrations were
organised jointly by members of the
IUCAA Teaching and Learning Centre (TLC)
and the IUCAA astronomy outreach
team. Recordings of most of the
lectures and demonstrations have
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been live streamed on YouTube, and subsequently made available for viewing, which till date has garnered around 20,000 views in total, and
still counting. The events were strongly supported by the entire staff of IUCAA. Zoom video conferencing and YouTube live streaming were
coordinated by Santosh Jagade, and Sagar Bhaosale [(both from IUCAA). Dipanjan Mukherjee, Nishant Singh, and Surhud More (all from IUCAA]

were the faculty coordinators.
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ASTRONOMY CENTRE FOR EDUCATORS

Teaching Learning Centre and National Resource Centre

Refresher Course on
Astronomy and Astrophysics

The Refresher Course on Astronomy and
Astrophysics (RCAA 2021] for college and
university teachers, which was organized
concurrently with the Introductory Summer
School on Astronomy and Astrophysics
(ISSAA 2021), was held during May 10 -
June 11, 2021. Due to the prevailing
pandemic situation, RCAA was held online
with the participants interacting via Zoom.
The presentations were also live streamed
via YouTube. About 200faculty members,
and early career researchers from colleges
and universities across the country were
invited to participate. In addition to the
lectures, which covered some of the basics
and also many frontier areas of research in
astronomy and astrophysics, there were a
number of hands-on activities, which the

participants could do at home. The
participants conducted these activities in
groups, which also facilitated their learning
from one another. The activities included
astronomy-themed experiments using
gadgets available at their disposal,

assignments based on Stellarium, an open
source planetarium software package, and
making pedagogical videos on astronomical
topics they learnt during the course. The
astronomy-themed experiments were
based on understanding radio wave

A section of the participants of the Refresher Course on Astronomy and Astrophysics
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propagation using a mobile phone, and a
laptop as a transmitter and receiver. These
experiments designed by Jameer Manur,
Ashish Mhaske, and Prakash Arumugasamy
(all from the Teaching Learning Centre,
Astronomy Centre for Educators, IUCAA),
involved exploring the inverse-square law,
and the effect of putting a reflectar. The set
up and results from different groups are
shown in the accompanying figures. The
participants made several short and
informative pedagogical videos, and found
the Stellarium assignments given hy
Prakash Arumugasamy valuahle, for using
this package in their regular classroom
teaching.

Also, there were Optical Telescope Primer
sessions during May 18 - 19, 2021, which
covered the basics of optics and telescopes
as well as step-by-step demanstration on
how to set-up different types of telescopes,
and how one can attach cameras,
accessories, and mobile phones to them, in

Guru Dhwani 2021:
Probing the Signals from Jupiter

order to capture images. Projects were
presented by Samir Dhurde (IUCAA] that the
participants could try on their own, and
carry out meaningful observations and
measurements. Atharva Pathak [IUCAA]
demonstrated the setup of the telescope
and its accessories, as well as explained the
working of various types of telescopes and
instruments.

The Refresher Course was coordinated
by Dipanjan Mukherjee, Nishant Singh, and
Surhud More, with Dhruba J. Saikia (IUCAA)
and the team at ACE TLC overseeing
the evaluations of the participants’
understanding of the course material.

Guru Dhwani 2021, a national level antenna design challenge competition has
been organized by Astro Club, Fergusson College ([Autonomous), Pune, in
collaboration with the Teaching Learning Centre [TLC] of IUCAA. The aim of this
competition is to design and simulate an antenna system sensitive to the very
low-frequency radio emission from Jupiter. A total of 58 teams consisting of 416
faculty members and students from about 20 states in the country have
registered to participate in the competition. The final designs are to be submitted
by January 16, 2022. It has been planned that the working designs will be installed
in the different participating educational institutions to observe both Jupiter and

the Sun.

4 Poster
announcing
Guru Bhwani

Distribution of
participants
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Workshop on
Online Pedagogy and Evaluation

The Workshop on Online Pedagogy and
Evaluation was held online on June 30,
2021, to discuss and share experiences on
these aspects during the current pandemic.
The workshop was attended by about fifty
IUCAA Associates and astronomy
educators. The introductory remarks hy
Somak Raychaudhury, Kandaswamy
Subramanian, and Dhruba J. Saikia (all from
IUCAA) were followed by a detailed
presentation by G. Amhika (IISER, Tirupati)
an their experiences with online teaching
and evaluation. Sahana Murthy (Educational
Technology Interdisciplinary Programme,
IT - Bombay, Mumbai] gave a lucid
presentation on enhancing online learning
processes, shared results of some of their
surveys, and made suggestions for best
practices. Ramana Telidevara [Founder and
CEO, CodeTantra) gave a very detailed
description of their assessment platform

IUCAA ACE Repository of Experiments

Astronomy-themed IUCAA ACE Repository
of Experiments has been initiated, hosted hy
the IUCAA Library. The repository is divided
intofive categories, three of these are based
on the wavelengths of observations in
the electromagnetic spectrum, the fourth
one is on gravitational waves, and the fifth
one is of a maore general nature. These
are categorized as (i) radio, (ii] infrared,
optical and ultraviolet, (iii] high-energy
astrophysics, which includes X-rays and
gamma-rays, (iv] gravitational waves, and
(v) others. Thelink to the Repository is:
http://repository.iucaa.in:8080/jspui/hand
le/11007/4545

The repasitory has been started with a few
radio astronomy related experiments,
which could be done at home. These were

A section of the participants of the Workshop on Online Pedagogy and Evaluation

with online remote proctoring, which
generated a lot of discussions. Prakash
Arumugasamy gave an overview of our
evaluation processes using Google and
Moodle, while Sukanta Deb (Cotton

part of the experiments offered during the
Radio Astronomy Winter School - 2020,
and IUCAA Refresher Course on Astranomy
and Astrophysics - 2021. Members of
the community are encouraged to
cantribute to the Repository. Those wishing
to do so are requested to email us at
nrciucaa@gmail.com

Astronomy-themed IUCAA ACE Repository
of Experiments has beeninitiated, hosted by
the IUCAA Library. The repositary is divided
into five categories, three of these are hased
on the wavelengths of ohservations in the
electromagnetic spectrum, the fourth oneis
on gravitational waves, and the fifth one is of
a more general nature. These are
categorized as (i] radio, (i) infrared, optical
and ultraviolet, (iii) high-energy

University, Guwahati) made a presentation
on how to make pedagogical videos using
the open source Linux platform for online
teaching.

astrophysics, which includes X-rays and
gamma-rays, (iv] gravitational waves, and
(v) others. Thelink to the Repository is:
http://repository.iucaa.in:8080/jspui/hand
le/11007/4545

The repasitory has been started with a few
radio astronomy related experiments,
which could be done at home. These were
part of the experiments offered during the
Radio Astronomy Winter School - 2020,
and IUCAA Refresher Course on Astronomy
and Astrophysics - 2021. Members of
the community are encouraged to
contribute to the Repository. Those wishing
to do so are requested to email us at
nrciucaa@gmail.com
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Research In Astronomy: Opportunities and Challenges

Seventh Southern Regional Meeting

September 8-10, 2021

The Department of Physics, Mar
Thoma College, Chungathara and
the Providence Women's College,
Calicut conducted the Regional
Astronomy Meeting for the
Southern region of India, in
association with IUCAA, during
September 8 - 10, 2021. The
purpose of the meeting was to help
the researchers of the region in
updating themselves with the
latest developments in the field
and in identifying new research
areas and prohlems. This was also
envisaged to serve as a platform
for interacting with scientists from
the field and for fostering further
teamwork and caollaborations. Due
to the pandemic Covid-19, we used
the online medium for the meeting.

The meeting was inaugurated by
Somak Raychaudhury, Director,
Inter-University Centre for
Astronomy and Astrophysics, Pune
and felicitated by Kandaswamy
Subramanian, Dean, IUCAA. The
plenary lectures on the theme of
Future Astronomy in India was
delivered in the mornings by Bala
lyer [(ICTS, Bengaluru], Shyama
Narendranath [ISAC, Bengaluru)
and Ajit Parameswaran ([ICTS,
Bengaluru]. Due to the enhanced
response to the meeting, the
sessions were arranged in parallel.
During these three days of
the meeting, we had presentations
from research scholars
interspersed with the overview
talks by senior researchers,
spread into eight sessions.
The meeting discussed the
areas of research including
Cosmaology, Stellar Astrophysics,
X-ray Astronomy, Extragalactic
Astronomy, ISM and galactic
astronomy and Radio Astroanomy.
There were a few presentations by
Post Graduate students on the
curricular projects they did in the

field of Astrophysics. Altogether
there were three plenary Lectures,
5 Special review talks, 14 invited
review talks, 35 contributed talks
and 11 UG/ PG presentations. The
special talks on the seminal work
from the region which attracted
media attention were arranged
every day in the marning sessian,
just after the plenary lectures. To
compensate for the usual
discussions and interactions which
used to happen in the 'physical’
meetings, two interaction sessions
were also arranged in the evenings
of September 8th and 9th. This
year, the consolidated abstract
book, including all abstracts of the
talks in the meeting, was released
on the third day of the workshop.
The warkshop was coordinated by
Sheelu Abraham [(Mar Thoma
College, Chungathara), Jeena K
(Providence Women's Caollege,
College in Kozhikode] and Ranjeev
Misra (IUCAA).
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The Thirty-Third Foundation Day Lecture

The 33rd Foundation Day Lecture of IUCAA
was delivered by Dr. Shekhar C. Mande on
Wednesday, December 29, 2021.

Shekhar C. Mande is a Structural and
Computational Biologist. He joined CSIR in
mid-October 2018 as the Director General
and served till April2022. He has also served
as the Secretary of the Department of
Scientific and Industrial Research [DSIR),
Ministry of Science and Technology. Before
this, he was the Director of the National
Centrefor Cell Science, Pune.

He was awarded 2005 the Shanti Swarup
Bhatnagar Prize for Science and
Technology, the highest science award in
India, in the Biological sciences category.
Mande completed his M.Sc. in Physics from
the University of Nagpurin1984.1n1991, he
earned his PhD in Malecular Biophysics,
from the Indian Institute of Science,
Bangalore. Following his PhD, he joined Wim
G. J. Hol as a Postdoctoral researcher
at Rijksuniversiteit Groningen in the
Netherlands. He served as the chair of the
National Committee for the International
Union of Crystallography for the Indian
National Science Academy, New Delhi.

As an ode to 75 years of Independent India,
Professor Munde delivered a talk on “India’s
Science and Technology Journey in the
Post-Independence Era”. He shared his
views on the contemporary history of
Science and Technology and spoke about
the Indian contributions to scientific
developments from ancient times. Ajourney
of the resurrection from the dark age

_

period to becoming a flourishing nation
after the colonial powers left the country.
With suitable examples, he argued [AP:
argued] that post-independent India has
sufficiently developed to address the most
fundamental questions of the origins
of modern humans in South Asia. He
walked the audience through the journey of
building and Nurturing India’s Science and
Technology ecosystem, narrating the
conception and formation of one of the
first publicly funded organisations
Council of Scientific & Industrial Research
(CSIR)in1942 followed by the other national
organisations to encourage the
development of science and technology in
the country. Having recognized the fact that
discoveries of science made in the
laboratories can be taken to society by
strong collaborations with the industry
led to the invalvement of Philanthropists
[AP: philanthropists] and the general public

Watch this lecture here: https://www.youtube.com/watch?v=opUo-KBgHHs

during the early phases of its development
leading to the formation of Tata Institutes of
Fundamental Research, (TIFR].

He spoke of the Atomic Energy Commission
and India’s efforts in strengthening the
country’s atomic energy programme with
TIFR as the centre for all large-scale nuclear
physicsin India. With the help of a graph, he
elaborately discussed the S&T drivers in
India through the times while explaining the
difficulties faced during the early
implementation of democracy.

India has demonstrated effectively by the
adoption of science and technology that the
‘nation is now at par with the rest of the
world as regards its intellectual and
technological power. One major example is
itsrole in the mitigation of COVID-19 with its
SARS-COV-2 diagnostic innovations He
devoted a few minutes to highlighting the
outstanding Indian accomplishments in the
field of biotechnology by talking about
the contributions of G N Ramachandran
and Sambhu Nath De to the subject.
He emphasized the need for large
collaborative work between different fields
of fundamental sciences to address some
of the most challenging problems in natural
sciences. He concluded his lecture by briefly
talking about a few future technological
aspirations of the nation that are currently
in process. This enlightening talk came toan
end withaninteractive Q&A session.

Due to the ongoing pandemic, the Lecture
was held entirely online, with a live YouTube
stream that drew in about 470 viewers as
well as a smaller, interactive audience on
Zoom.
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The pandemic has opened a plethora of ways to combine virtual and physical experiences. The IUCAA Scipop team was able toreach outtoa
maximum number of students from all over the world and introduce them to the mysteries of the universe virtually. The team organised
various interesting sessions and interactive workshops for students and teachers as well as the general public. With the help of innovative
teachingaids and technaology, various events were made accessible to everyone.

SPECIAL EVENTS

Lunar Occultation - 17 April 2021

IUCAA SciPOP arranged a live
webcast of Lunar Occultation of
Mars on its YouTube channel with
more than 8000 attendees. Mr
Ayan Saha from Tripura joined to
demonstrate the Immersion
(Ingress] of Mars and a team of
Amateur Astronomers from
Jyotirvidya Parisanstha, Pune,
demonstrated the Emersion
(Egress]) of the occultation. The
Programbeganwithan

introduction and description of the
event by Mr.Samir Dhurde in 4
languages viz. English, Hindi,
Marathi and Bengali. The program
was hosted by Mr Atharva Pathak.
Mr Tushar Purchit conducted a
virtual sky sessionin Hindi.

A special series for Zilla Parishad (ZP) schools, Pune

A series of online interactions in
Marathi, specially designed for ZP
schools in and around the Pune
district, was introduced in
September 2021, in coordination
with the ZP Education Office.

In the series, every Saturday had a
session dedicated to different
audience groups based on
surrounding objects and
phenomena. A session on "Fire
and Earth", coordinated and
executed by Shivani Pethe and
Swanand Athlye as a part of
this special series on the 5
elements of the universe or the
panchamahabhutas on the 1st of
January concluding the series.

This series also covered various
sessions on Science Toys/
Experiments, Demaonstrations,
Basic astronomy and teachers'
training programmes.

The programme was initiated by
Sonal Thorve and coordinated by
Rupesh Labade with Shivani Pethe,
Atharva Pathak and Tushar Purgohit
who conducted the various
sessians.

As an extension to this, the Vidnyan
Adhyapak Sangh Pune, VASP,
initiated in the year 2021 was
executed successfully. Teachers
under this program were divided
into groups for different subjects
like maths, chemistry, physics,
hiology and environmental science.
They were motivated to design and
develop new models, experiments
and toys that would further be
documented and featured on
IUCAA youtube channel on the
occasion of science day. This
program was conceptualized and
effectively executed by Sonal
Thorve, Samir DBhurde, Rupesh
Labade, Shivani Pethe and
Swanand Athlye.
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Zero Shadow Day Event with Kothari International School -

17 July, 25 July, 21 August 2021

The Zero Shadow Day (ZSD]
Celebrations with Kothari
International School consisted of
aninter-school eventonAugust21.
Students from 7 schools across
Delhi, Maharashtra, Gujarat and
Madhya Pradesh presented their
findings and experiences of the
experiments they performed.

Around 150 students and teachers
attended the online eventand

Hindi Diwas

On the occasion of Hindi Diwas, the
14th of September 2021, IUCAA
arranged 2 special sessions in
Hindi.

Prof. Somak Raychaudhury and
Prof. Durgesh Tripathi welcomed
and introduced the panel followed
by a talk by Prof. Subhadeep De on
“Sundial to Atomic Clock: For
Accurate Time Keeping and
Fundamental Science”.

learnt about the ZSD event. Mr
Samir Dhurde was invited as a
guest to mark the culmination of
the event. The celebrations
concluded with an interactive
sessionwith the students.

The event was designed and
coordinated by Sonal Thorve with
the help of teacher organisers.

The day consisted of talks by Prof.
Amit Pathak on “Largest Atoms in
the Universe” and Prof. Durgesh
Tripathi on “An overview of Hindi
Pakhwada, a 15-day program full of
Hindi Activities”.

The viewers indulged in an
interactive Q&A session at the end
of the talks.

International Observe the Moon Night - 16" October

joined thisevent.

Outreach in Hingoli - 24" to 26" November 2021

LIGO-India - Education and Public
Outreach (LIEPO) organised a series of
public outreach activities from 24 to 26"
November 2021 in the region surrounding
the LIGO-India site. An introductary GW talk
was conducted at the ZP Girls High Schoal
(Hingoli), ABM English School [Hingali], ZP
High School [Puyana) and Saraswati
Foundation Academy [Hingoli]. It included a
demonstration of the Michelson
Interferometer for explaining the basic
working principle of gravitational-wave

detectors like LIGO. This was followed by a
talk on the basics of telescopes. More than
330 secondary school students were
present for the talk. A telescope training
session was conducted at the ZP High
Schoal in Kondhur village. The schoal
teachers were instructed about the best
practices of handling and using a telescope
in reference to a 6-inch Dobsonian
telescope that they had recently procured. A
stargazing session was conducted after this
which was openta the general public.

October 16th was celebrated as “International Observe the Moon Night”
all over the world, and as a part of this, IUCAA SciPOP arranged 2 sessions
on “Observing the Moon” as well as “Telescopic Viewing of the Moon” that
were coordinated by Atharva Pathak and Tushar Purchit. About 300 people

Stargazing sessions were also conducted at
the ZP High Schoal [Puyana) and Saraswati
Foundation Academy ([Hingoli]. They
received an overwhelming response with
more than 1250 people attending. These
comprised secondary schoal students and
the general public. The activities were
coordinated by Ankit Bhandari (LIEPO
Assistant at IUCAA] with help from freelance
telescoperesource person Tushar Purohit.
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Astronomy@Home award by IAU

The IAU recognized the various efforts
across the world to putup online outreach to
keep the public connected with our
astronomy communities during the
summer of 2020. Out of the selected 50
events from 31 different countries, IUCAA
SciPOP team won the first prize in the
“Community Engagement” category and

got honourable mentions for the “Most
Innovative Event” and the “Largest
Number of Registered Events”. Activities
like Astronomy Crosswords, along with Sci-
Fi Enterprise - Science Fiction Story and
Poetry Writing Competition, Moon
Challenge, Zero Shadow day and the live
webcast during the Annular Solar Eclipse of

June 2020, were considered for these
awards. The team led by Samir Dhurde
consisting of Shivom Gupta, Sonal Thorve,
Ishan Shinde and Atharva Pathak waorked in
creative ways making use of technology to
make sure that astronomy reaches people
regardless of the various obstacles.

TELESCOPE MAKING

As a part of outreach, IUCAA Scipop team
conducts various sessions on telescope
making and handling for teachers and
students all over the country. A session on
“Astronomy and telescope handling” and
an online session on telescope making
were organised on the 9th of July and 4th
of Augustrespectively.

It included a Teachers' training workshop
organized by Discovery Science Center
[Kerwadi] and Samaj Kalyan Ashram school
[Naygao in Nanded] and at Wada, near
Rajgurunagar. Both these workshops were

World Space Week - 4" to 10" October 2021

World Space Week (4th to 10th
October]) is an international
celebration of science and
technology and their contribution
to the betterment of the human
condition. IUCAA participated in
numerous programs worldwide to
join this celebration of Space and
Astronomy. Many programs were
coordinated and talks were given
by Atharva Pathak, Shivani Pethe,

Rupesh Labade, Tushar Purohit
and Samir Dhurde at many
different places. With a total of over
500 attendees from across the
globe.

3rd Shaw-IAU Workshop on Astronomy for Education -

12" to 15" October 2021

Shaw-1AU Workshop on
Astronomy for Education was
organised from 12th October to
15th October 2021. IUCAA Scipop
presented a poster and a talk at the
3rd Shaw-lIAU Workshop on
Astronomy for education. The
Poster titled “Bringing Astronomy
to the students and Teachers
using AppStronomy” was
presented by Rupesh Labade. Atalk

Authared by Mr Amit Dhakulkar an
“Platforms to create your own
astronomy courses” was co-
authored by Samir Dhurde and
Atharva Pathak of IUCAA SciPOP.
Samir Dhurde also acted as a chair
for the session about Online
Resources for Astronomy
Education and also was a part of
the organising committee for the
workshop.

conducted by Tushar Purohit from IUCAA
SciPop. A total of 28 and 30 teachers
respectively attended these workshops and
learnt about telescope handling, operating
and conducting skywatches

The online session was on refractor
telescope making and it was organized by
Brijesh Dixit, from Global Science Club
[VIPNET CLUB] from 21 August 2021 to 19
September 2021. In this series, Tushar
Purchit from IUCAA Scipop gave a talk and
demo on telescope making. 65 students
fromall over India participatedin this

waorkshop and made S0mm diameter
telescopes.
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A workshop on Choosing your Telescope
was conducted in two phases on the 23" of October
and the 13" of November respectively.

The first part called Episode 1-
Beginner Level premiered on 23rd
October 2021. This session
included choosing the best set-up
for ohserving the Planets, bright
nebulae, and star clusters. This
sessionwas a part of the Telescope
making series which included
guidance on choosing the best
possible set-up for telescope
purchase and assembly for simple
viewing and observations of deep-
sky objects and planets. About 700
people have viewed the session
online.

SCIENCE TOYS / ASTRONOMY TALKS / SKYWATCH

The IUCAA Scipop team religiously
strives to make science fun and
interesting for children through fun
toys and experiments and also
works on developing various
teaching aids. Sessions aon
demaonstrations of these toys were
conducted all over the country.

A one-day program for students
from all over Kolhapur from
different schools was organised by
the Rajaram College, Kalhapur on
11th December 2021. Shivani
Pethe and Atharva Pathak were
invited as resource persons.
Around 100 students and 15
teachers attended this session.

Following this, a sky-watching
session was conducted at night
and attended by around 200
people. Three telescopes were set
up to show Venus, Saturn, Jupiter
and the moon.

A Two-day long online warkshop
was conducted on the 24th and
25th of January 2022 for students
of SNDT college and Sathe College,
Mumbai. It included Science Tays
Demonstration Session with
Hands-on Activities and an NLP
session. Similar sessions were
conducted at Savitribai Phule
School, Mahatma Phule Krishi

The second part of the same series
was held on 13th November 2021
in which the viewers were given a
glimpse of how to choose the best
set-up for Astrophotography and
small astronomy projects. About
100+ people have viewed the
session online. The sessions were
coordinated by Atharva Pathak,
Tushar Purchit, and Samir Dhurde.
More than 1600 people have
viewed the entire series of sessions
onlinesofar.

Vidyapeeth, Rahuri and Samata
International School, Shrirampur.

A total of mare than 1000 people
benefitted from these sessions
from April 2021- March 2022. The
attendees included school and
college students, teachers and
general astronomy enthusiasts
from all over the country. Jamir
Manur from TLC was also invited as
a Resource person to conduct the
stargazing session.

The sessions were organised for
the following educational institutes
along with the ones mentioned
above.:

e Rani Laxmi bai Mulinchi Sainiki
Shala, Pirangut

e S.P.College

* Dighanchi Girls High School,
Dighanchi.

» Madhyamik High School, Gargoti
in INYAS Science camp by D Y
Patil University, Kolhapur.

* Diploma Engineering Students
atZeal Polytechnic, Narhe.

* Diploma Engineering Students
at P K Technical Campus,
Chakan
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TEACHER TRAINING PROGRAMMES

ZSD Educators’ Workshop - 01 - 02 May and 08 - 09 May 2021

A couple of 2-Day Waorkshops on Zero
Shadow Day were co-organized by Inter-
University Centre for Astronomy &
Astrophysics, Vigyan Prasar, and ASI POEC

on May 01 - 02 (English]) and May 08 - 09
(Hindi).  Educators from all across the
nation participated in these workshops. The
workshop was coordinated by Samir

IUCAA Online Teachers Trainings - State [I0TT) and National (INLOTT] level

Special programs for teachers were
arranged virtually on 28-239th August 2021
for the teachers in Maharashtra and from 4-
Sth September 2021 for teachers across
India. While 10TT was held completely in
Marathi, INLOTT had English as the language
of communication. Nearly 500 teachers
participated in this workshop fromall over

Maharashtra in IOTT and INLOTT was
attended by about 700 teachers. The topics
covered in the sessions were 'Basic
Astronomy'and 'Science at the schaool level'.
Rupesh Labade from the SciPop team
coordinated this event. Sessions were
conducted by Rupesh Labade, Atharva
Pathak, Shivani Pethe and Tushar Purohit.

NATIONAL SCIENCE DAY 2022

Celebrating Science!

The National Science Day 2022, was very
thoughtfully chosen to be celebrated on a
Sunday to make sure children could attend
the session without sacrificing their schoals

and tuition. The team organised a virtual
tour of the entire IUCAA campus with inbuilt
hotspots for pre-recorded lectures, posters
and exhibits onvarious topics. These

National Science Day 2022 “open day” event online: 27 February 2022

Not letting the third wave affect the
enthusiasm of celebrating the traditional
science day also known as the “ Open Day “,
February 27th, Sunday was when the gates
of IUCAA were open to the pubhlic,
VIRTUALLY! The entire event was conducted
online, allowing students fromnotonly the

country but from any part of the world tojoin
in the celebrations. To make the experience
memorable, the organising team came up
with interesting and interactive
comhinations of online platforms. An
entirely virtual tour of the campus, which
could alsorun fromasmartphone, and

Dhurde. The workshop consisted of
sessions on zero shadow day and ways in
which one can communicate in the most
effective waysto children.

Atwo-hour virtual teacher training program
was also held on 13th July 2021 by Rupesh
Labade at the Agastya International
Foundation. A total of 400 teachers
participated in this training.

Teachers training program - 22nd December 2021

Tushar Purchit and Maharudra Mate from IUCAA and Sonal Thorve from
IISER, Pune conducted a teachers training program for ZP teachers, Udgir
region. The astronomy training waorkshop had 180 teachers from various
Tehsils participating. This program was organised by ZP Udgir and Birla
OpenMindsinternational schoaol.

hotspots were located everywhere around
campus which made the experience of
online campus visits more realistic and
lively.

could allow a virtual visitor to look at actual
visuals from the campus was created in
Kuula. Along with the walkaround, visitars
could also view posters and demo videos
within the same tour at their own pace. This
platform reached more than 20,000
viewers. Thiswas also accompanied by live
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talks and interactive sessions throughout
the dayon Youtube

Followed by an enriching and interesting
session called 'Ask a scientist'. The session
was hosted by IUCAA scientists Surhud
More and Anupreeta More who asked
various questions to Jayant. V. Narlikar,
Mangala Narlikar & Somak Raychaudhury.
This question-answer session turned out to
be everyone's favourite. People from all aver
India submitted questions vialUCAA's social

National Science Day competitions:

This year, due to the COVID-19 pandemic
the Urban IUCAA National Science Day
competitions were organised on an online
platform. But the rural competitions were
conducted offline at Government
Polytechnic, Awasari on the 18th of
February 2022, strictly following all covid

media channels. Live questions were also
accepted and patiently answered.

On this occasion, the teachers of Vidnyan
Adhyapak Sangha Pune [VASP] also made
and shared some videos of newly curated
Science Toys and activities in Chemistry.
This was a part of an ongoing project of
VASP and IUCAA. Some videos were featured
in the event along with the announcement
of the result of various student
competitionstakenin February 2022.

protocaols. Various competitions like poetry,
essay, drawing and quiz were conducted. A
total of 260 students from 52 different
schools in Pune city and the Ambegaon
taluka region enthusiastically participated
in them. The Urban competitions were held
on 21 February. All the topics of these

The National Science Day 2022 continued
into the evening with a wonderful and
relevant Public Lecture titled - “Unfolding
New Secrets of the Universe with James
Wehbhb Space Telescope” by Swara
Ravindranath, (STSCI, NASA)

The program concluded with an Online
Public Sky Watch session.

competitions were based on General
Science and Astronomy which were
designed and executed with the help of
research students and faculty from IUCAA.
They also helped in finalising the results of
these competitions.

PULASTYA

The Annual Pulastya Science
Festival 2021 was organised on
the 8th and 9th of November 2021.
This is an annual event that is
organised in memory of Late Pu.
La. Deshpande is one of the many
famous events coordinated and
conducted by IUCAA scipop for
many years now. This year the
festival included sessions on
Science with Rangoli, firecrackers
and their alternatives, Moon
Lantern and Celestial Fireworks.
The sessions were arranged and
coordinated by the SciPOP Team:
Shivani Pethe, Atharva Pathak,

Rupesh Labade, Tushar Purohit,
Swanand Athalye, Maharudra Mate,
and Samir Bhurde. A compilation of
all these topics was premiered in
two different languages on two
days, in English and Marathi on 8th
and 9th November respectively. A
Live Sky session was planned and
planets were shown through the
telescopes live over YouTube. This
session was planned and
coordinated by Atharva Pathak,
Tushar Purohit, Ankit Bhandari and
Prathamesh Jaju. The overall
participation was 2000+ views on
YouTube.

CAP 2021 Virtual Conference - 24 - 27 May 2021

The ninth Conference on Communicating
Astronomy with the Public was organised
virtually during May 24 - 27, 2021. Held over
different time zones to accommodate
participants fromaround the globe, the

conference attracted about 1,346
registrations from 87 countries. Sonal
Thorve, Atharva Pathak, Shivani Pethe
presented work on different projects of
IUCAA SciPOP. Samir Bhurde along with

Arvind Paranjapye (Nehru Planetarium,
Mumbai], and Sonal Thorve conducted a
workshop onZero Shadow Day as well.
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Public Engagement in Astronomy in the Pandemic Era.

This conference was held by the Indian
Institute of Astrophysics from 2 - 4 August
2021. Samir Bhurde gave an invited talk on
the topic “"Reaching out while staying
distanced: some positive ideas” and also
chaired the session on “Using mediain

novel ways”. Shivani Pethe and Atharva
Pathak delivered a combined talk on the
“Use of Apps and Video series for effective
Astronomy Outreach and Pro-Am
Engagement”. Sonal Thorve presented on
“Stimulating Individual and Vernacular

Global Hands-on Universe Conference [GHOU-2021)- 23 to 27th August 2021

This year GHOU 21 conference was held
virtually from 23 to 27th August 2021. A
workshop for educators across the globe on
"Zero Shadow Day for Tropical countries”
was conducted by Samir Bhurde and Saonal
Tharve from IUCAA SciPOP alang with Alok
Mangaogane at the Global Hands-0On
Universe Conference 2021 (virtual]. Inthe

The IAU Offices Family Meeting

Held online from the 20th to the 22nd of

July 2021, bringing together the global
networks of the four IAU Offices. The
meeting had 30+ sessions an astronomy

WEBINARS AND TALKS

The following lectures were arganised as a
part of the Basic Course in Practical
Astronomy organised by Jyotirvidya
Parisanstha, Pune.

December 03 - Samir Dhurde delivered a
talk on "Multiwavelength Astronomy".

December 04 - Dr Surhud Mare delivered a
talk on "Difference imaging for
Astronomical discovery of transients",

December 05 - Bhushan Joshi delivered a
talk on "Advancedinstrumentation”.

December 08 - Prof. Somak Raychaudhury
delivered a talk on "Cosmology".

December 09 - Prof. Ajit Kembhavi
delivered a talk on "White dwarfs and
neutronstars”.

Astronomy webhinars on different topics
were organised by different institutes with
SciPOP resource persons as guest
speakers.

October 08 - Sonal Thorve delivered a talk
on “Talk on Nobel Prize Physics 2020” at
MSS Highschoal, Chinchwad.

workshop, Samir Dhurde shared the details
of the zero shadow day and how it occurs.
Alok Mandaogane explained the features
and use of relevant android apps and
websites. Sonal Thorve demonstrated how
shadows are formed and how ane can use
themtotrack the Sunin the sky.

education, teaching, outreach, equity, and
more. Samir Dhurde participated in this as
the IAU National Outreach Coordinatar, India
and moderated two sessions on the themes

on “History of Telescopes” at Kaylan
Pradeshik Lok Vigyan Kendra, Bhavnagar,
Gujarat as a part of World Space Week
celebrations.

October 10 - Tushar Purohit delivered a talk
on “Observing Meteor Shower” at Smart
Circuits Innovation, Chandigarh as a part of
World Space Week celebrations.

December 17 - Samir Dhurde delivered a
talk on "Try out Planetary Science
yourself" at Nehru Science Centre, Mumbai.

November 01 - Chasing Shadows: Citizen
Science opportunities in occultation
recording, by Ted Blank, Senior Member of
IOTA (International Occultation Timing
Assaciation]

December 06 - Research the Solar System
with Shooting Stars, by Karl Antier, IMO
(International Meteor Organisation]

December 06 - Recording Meteor Showers
- Live simulations and training, by Arvind
Paranjpye, Directar, Nehru Planetarium,
Mumbai

December13 - Tonight's Geminids and

Engagement by Utilizing Online Tools”. In
this, they shared various events organised
by IUCAA SciPOP as well as shared the
experiences and the footsteps of how they
were executed.

Rupesh Labade delivered an aoral
presentation on the topic of Bringing
Astronomy to the students and teachers
using “Appstronomy” and also took an
online workshop on the topic of Learning
Science athome during the lockdown.

- “Research in classrooms” and
“Astronomy education in low-income
communities”.

other meteor showers over India, by Peter
Jenniskens, Principal Investigator of the
Cameras for All Sky Meteor
Surveillance[CAMS] project of SETI Institute,
NASA

30th July, 2021 - "The World of Large
Telescopes” hy Samir Dhurde for the
Department of Physics, Gauhati University,
coordinated by IUCAA Assaciate Dr Sanjeev
Kalita.

15th September 2021 - Talk by Rupesh
Labade on Magnetism at Rani Laxmibai
Saniki Mulinchi Shala, Pirangut for the 250
Students of 8th and 9th Standard.

17 September 2021 - "Introduction to
Astronomy and Astrophysics" with talks by
Samir Dhurde and Ranjan Gupta for the
Physics department, St. Joseph College,
Jakhama, Nagaland.
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Demonstrations:

Amruteshwar Arts, science, commerce
college, Wizer - by Rupesh Labde on 8th
September 2021 Nearly 200 students from
Junior college attended this Science Toys
demonstration.

Abeda Inamdar Girls College, Pune - held
virtually by Rupesh Labade on 23rd

LIEPO ACTIVITIES

SOCIAL MEDIA INVOLVEMENT

A variety of new engaging articles were
published in the Gravity Matters blog on the
LIGO-India website at www.ligo-
india.in/gravitymatters/. under different
sections of the Gravity Matters blog. Some
of the highlights include podcasts by
distinguished gravitational wave
personalities like Prof. Sanjeev Dhurandhar
and Prof. Tarun Souradeep, SciArt posters
for the NSBH discaovery, various GW science
articles from GW scientists from across the
world, Behind-the-Scenes interviews with
GWresearchersand students.

TALKS AND WEBINARS

Live talk “Dawn of Multimessenger Astronomy!

LIGO-India EPO organised a live talk by Prof.
Parameswaran Ajith from ICTS Bangalore
on 17" August 2021 to commemorate the
anniversary of GW170817 - the first
observation of gravitational waves from the
collision of two neutran stars by the LIGO
and Virgo gravitational-wave detectors. The

September 2021 A total of 400 students of
12th Standard and 6 teachers attended this
Science Toys session.

Sacred Heart School, Kalyan - online
Science Toys demo by Rupesh Labade on
27th September 2021 for the 120 students
of 9th grade.

In the “Behind the Scenes” category which
delves into the daily lives of gravitational-
wave science researchers, LIEPO published
a video interview of Dr Nikhil Sarin - a
postdoctoral fellow from Maonash University
working on various aspects of gravitational-
wave multi-messenger astronomy. Along
with the webpage, it was also posted on
LIEPQ's YouTube channel and has been
viewed more than 330 times to date. The 8"
episode of the "Listening to the Cosmos®
podcast series, which features international
speakers talking about GW Science, was

'IJ

talk targeted both the general public and
graduate/ postgraduate students and
covered what this rare astronomy event has
taught us and how it was not only detected
in gravitational waves but also seen in light
by dozens of telescopes on the ground and
in space thereby givingrise to the new

Tirupati Highschool, Satara - by Rupesh
Labade on 30th September 2021. 200
students from 5th to 10th Standard
attended this session online, covering the
topic Use of Mohile Apps for sky observation.

published. This episode presented Prof.
Anna Watts [Professor of Astrophysics at
the University of Amsterdam], winner of the
AAS HEAD (High Energy Astrophysics
Division) mid-career prize in conversation
with Debarati Chatterjee [Chairperson of
LIEPO and creator/ coordinator of the
Gravity Matters blog].

by Prof. Parameswaran Ajith - GW170817 anniversary celebrations

domain of Multi-messenger Astronomy. In
the end, the viewers had the opportunity to
ask qguestions, many of which were
answered by Prof. Ajith. The event was
coordinated by Prof. Debarati Chatterjee
and executed by Vaibhav Savant.

Webinar on “First Five Years of Gravitational-wave Astronomy” by Prof. Archana Pai

for World Space Week - 9" October 2021

A wehinar on the “First Five Years of
Gravitational-wave Astronomy” was
presented live by Prof. Archana Pai
(Associate Professor, IIT-Bombay] as part
of the World Space Week on 9" October
2021. This was organised by the Mumbai
Chapter of the National Space Society

Pai spoke about the exciting research and
findings from the first direct detection of
gravitational waves from an Intermediate
Mass Black Hole (IMBH] to the recently
detected gravitational-wave event
nicknamed GW190521. The event was held
online onthe Zoom platform for

undergraduate and postgraduate students
of Engineering and Pure Science
backgrounds. Around 150 students
participated in the wehinar. Ankit Bhandari
assistedin setting up the webinar.
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Astropix Online Astrophotography Webinar series and Contest - 15" November to 15" December 2021

Astropix, a webhinar series specialising in
astrophotography, was organised by LIGO-
India EPO to inspire budding
astrophotographers and astronomy
enthusiasts. A set of five webinar sessions
were conducted by experts between 15"
Nov - 15" Dec 2021. The webinars covered a
range of topics from the basics of
astrophotography and photography,
essential equipment to advanced skills, to
post-processing using free software. The
session also comprehensively explored the
various aspectsthatgointoplanninga

LIMMA conference videos

As part of the same anniversary
celebrations, avideo of Prof. Abhay Ashtekar
with Prof. Martin Hendry was released on
15th September 2021. In this, the speakers
discuss the future of gravitational-wave

successful astrophotography shoot.
Several free-to-use PC, smartphones and
web-based apps and services were
recommended to help in planning the shoot.
One session was also conducted in Hindi for
the benefit of the participants. The QGA
sessions after the webinars saw
enthusiastic interaction from participants
whowere delighted at the opportunity to get
expert advice. The sessions were attended
by mare than 150 participants on Zoom and
the recordings on LIEPQ's YouTube Channel
have around 1000 views todate. An

astronomy in India. This was the first of a
series of videos shot during the The “Multi-
messenger Astronomy in the Era of LIGO-
India (LIMMA] conference in 2019, where
the world's leading experts on gravitational

LIMMA video - Peter in conversation with Varun - 6" October 2021

(LIMMA) conference was held from 15"-18"
January 2018 at Khandala. LIEPO organised
and recorded interviews of GW experts from
around the world who were present here.
The LIMMA video featuring Prof. Peter
Shawhan ([Associate Professor and
Associate Chair for Graduate Education at

PRESS RELEASE

the University of Maryland] with Prof. Varun
Bhalerao (Associate Professor at IIT-
Bombay) was released on 6" October 2021.
In this video we hear about Prof. Peter
Shawhan's journey into the world of
gravitational waves, starting with the early
days of the LIGO detectorsin 1990 and the

Press Release for LVK All Sky All Frequency paper - 20th October 2021

The LIGO-India EPO team facilitated the
press release in India for the latest paper
submitted to arXiv by the LIGO Scientific
Collabaration, the Virgo Collaboration and
the KAGRA Collaboration on the “All-sky,
all-frequency directional search for
persistentgravitational waves from

BOOK LAUNCH

Advanced LIGO's and Advanced Virgo's
first three observing runs - 01, 02 and
03”. A team of gravitational-wave
researchers from IUCAA have consistently
been contributing to this topic. The press
release highlighted the contributions of
these and other LIGO-India Scientific

“Listen to the Universe” children's book launch on GW discovery anniversary

An illustrated children's pop-up book in
Marathi - “Aika Brahmand Kay Mhante"
(Listen to the Universe] was launched on
the occasion of the anniversary of the first
direct detection of gravitational waves by
LIGO. This book was written by LIGO-India's
colleagues from the University of Glasgow,

IUCAA SciPOP in caollaboration with LIGO-
India EPO and is supported partly by the
Newton Bhabha Fund. The book has initially
been published in Marathi, the native
language of schoal children in the vicinity of
the LIGO-India observatory site in
Maharashtra. The book reading videos were

astrophotography competition was
announced after the last wehinar to
encourage participants and viewers to take
up this fascinating hobby. The competition
iscurrently open and collecting entries from
15" December 2021 to 15" January 2022,
This activity was coordinated by Prof.
Debarati Chatterjee [Professor at IUCAA and
Chairperson of LIEPQ] with assistance and
technical support from Vaibhav Savant
(LIEPO Coordinator at IUCAA) and GWSCP
participants.

wave detectors had gathered to discuss the
new physics and astrophysics they may
unravelinthe era of LIGO-India.

various skill sets required for working at
advanced gravitational-wave detectors
such as LIGO. The video was released on
LIGO-India EPO's YouTube channel which
has more than 6200 subscribers as of now.

Collaboration members towards this study.
A simplified summary of the paper was
shared with press contacts and also
circulated on LIGO-India EPQ's social media
channels - Facebook, Instagram and Twitter
to share the excitement with gravitational-
wave enthusiasts.

premiered on LIGO-India EPQ's YouTube
channel on 14th September 2021, in three
languages, including Marathi, English as
well as Hindi, in the spirit of the Hindi Divas
whichwas also celebrated onthe same day.
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RESEARCH IN ASTRONOMY: OPPORTUNITIES AND CHALLENGES

Seventh Southern Regional Meeting

September 8-10, 2021

The Department of Physics, Mar
Thoma College, Chungathara and
the Providence Women's College,
Calicut conducted the Regional
Astronomy Meeting for the
Southern region of India, in
association with IUCAA, during
September 8 - 10, 2021. The
purpose of the meeting was to help
the researchers of the region in
updating themselves with the
latest developments in the field
and in identifying new research
areas and problems. This was also
envisaged to serve as a platform
for interacting with scientists from
the field and for fostering further
teamwork and collabarations. Due
to the pandemic Covid-19, we used
the online medium for the meeting.

The meeting was inaugurated by
Somak Raychaudhury, Director,
Inter-University Centre for
Astronomy and Astrophysics, Pune
and felicitated by Kandaswamy
Subramanian, Dean, IUCAA. The
plenary lectures on the theme of
Future Astronomy in India was
delivered in the mornings by Bala
lyer (ICTS, Bengaluru), Shyama
Narendranath (ISAC, Bengaluru]
and  Ajit Parameswaran (ICTS,
Bengaluru). Due to the enhanced
response to the meeting, the
sessions were arranged in parallel.
During these three days of
the meeting, we had presentations
from research scholars
interspersed with the overview

talks by senior researchers, spread
into eight sessions. The meeting
discussed the areas of research
including Cosmology, Stellar
Astrophysics, X-ray Astronomy,
Extragalactic Astronomy, ISM and
galactic astronomy and Radio
Astronomy. There were a few
presentations by Post Graduate
students on the curricular projects
they did in the field of Astrophysics.
Altogether there were three
plenary Lectures, 5 Special review
talks, 14 invited review talks, 35
contributed talks and 11 UG/ PG
presentations. The special talks on
the seminal wark from the region
which attracted media attention
were arranged every day in the
morning session, just after the
plenary lectures. To compensate
for the usual discussions and
interactions which used to happen
in the 'physical' meetings, two
interaction sessions were also
arranged in the evenings of
September 8th and 9th. This year,
the consolidated abstract book,
including all abstracts of the talks
in the meeting, was released on
the third day of the warkshop. The
workshop was coordinated by
Sheelu Abraham (Mar Thoma
College, Chungathara), Jeena K
(Providence Women's College,
College in Kozhikode] and Ranjeev
Misra [IUCAA).
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IUCAA-NCRA GRADUATE SCHOOL

PH. D. PROGRAMMME

During the year of this report, ten IUCAA Research Scholars ~ Swagat Mishra [Guide: Varun Sahni), Gitika Shukla [Guide: R.
namely: Debabrata Adak (Guide: Tarun Souradeep), Suman  Srianand), R. Sujatha [Aseem Paranjape] have defended
Bala ([Guide: Dipankar Bhattacharya), Yash Bhargava their Ph.D.theses. Their Ph.D.degrees have beenawarded by
(Dipanakar Bhattacharya), Bhaskar Biswas (Guide: Sukanta  the Jawaharlal Nehru University, New Delhi. The synopses of
Bose), Sayak Dutta (Guide: Sukanta Bose), Shalabh Gautam  their thesesare given below:

(Guide: Sukanta Bose), Soumak Maitra (Guide: R. Srianand],

Debabrata Adak

Foreground challenge in the quest for
primordial B-modes in CMB polarization

Potential detection of the primordial B-mode polarization in Cosmic Microwave Background (CMB)
is one of the major challenges to the cosmologists in the next decades. The primordial B-modes in CMB
are generated from the primordial Gravitational waves, one of the key predictions of the inflation theory.
Inflationary models generically predict the generation of B-mode signal in CMB. The amplitude of the
signal, parameterised by the tensor-to-scalar ratio 7, depends on the energy scale of the inflation, and
hence, lacks a strong theoretical lower bound. Measurements of CMB polarization data with increasingly
high resolution and sensitivity are now becoming available, and even higher quality data are expected
from the ongoing and future experiments. However, this B-mode signal can be tiny and is highly obscured
by our Galactic diffuse emissions, e.g., thermal dust, synchrotron, spinning dust and extragalactic sources,
collectively referred to as CMB foregrounds for B-mode search. The level of foreground contamination
depends on the frequency and sky patch of the observations. Future balloon-borne, space-based and
ground-based experiments are targeting to detect B-mode for r ~ 1073, This tiny signal is obscured by
dust and synchrotron by order of magnitudes respectively at high and low frequencies. The spinning dust
and extragalactic sources have low polarization fractions and may impact r measurement. Therefore,
the foreground is the key challenge to detect B-modes from primordial Gravitational waves. Building
only high sensitive bolometers to measure this polarization pattern in CMB will not help us. Significant
advancements in data analysis techniques are also required. Most importantly, polarized foregrounds
should be characterised accurately and must be subtracted precisely from CMB. Therefore, we need
to develop accurate foreground models and new efficient component separation algorithms for potential
detection of the primordial B-modes.

This thesis presents a set of works covering different aspects of research that would enable this important
research quest. This thesis focuses on three aspects: modelling and characterising dust, developing
component separation algorithm, and assessing the bias of foreground residuals in cleaned CMB maps on
the measurement of primordial B-mode for future CMB missions.

Galactic dust is one of the major contaminants for B-mode search. Therefore, a substantial part of
this thesis is devoted to building a statistical dust polarization model at 353 GHz and characterising the
dust spectral properties. Dust and synchrotron polarization maps at different frequencies are important
in the context of foreground studies as well as the study of Galactic astrophysics. These maps can
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be estimated from multi-frequency observations at microwave bands. We develop a novel semi-blind
component separation method. We demonstrate the performance of this algorithm to extract thermal
dust and synchrotron from multi-frequency WMAP and Planck simulated data. Finally, we forecast
the impact of foreground residuals present in the foreground minimised CMB map on the detection of
tensor-to-scalar ratio. Our forecast analysis is done for instrument design of ‘CMB-Bharat’, a proposal
for next generation CMB space mission submitted to Indian Space Research Organisation (ISRO).We
present the performance of the Bayesian component separation algorithm COMMANDER for cleaning
the CMB from foregrounds for this instrument design. We assess the residual bias on r measurement for
various simulations that include diffuse foreground models of varying complexity and detection sensitivity
in the presence of primordial B-modes.

The algorithms and modelling framework developed and results obtained in this thesis are expected
to be essential for the ongoing efforts to detect the primordial B-modes using future high sensitive CMB
observations. Our forecast results of r measurement will be helpful to the ‘CMB-Bharat’ collaboration on
improving its instrument design as the mission will mature. The forecast results also motivate developing
more robust component separation techniques to handle foreground complexities. are expected to be
useful to extract the Galactic emissions for the study of Galactic science.

Suman Bala

Study of The Magnetic Fields of Neutron Stars
Through Cyclotron Resonance Scattering Features.

Neutron stars are extremely compact objects with 1-2 solar mass (Mg) of material condensed within
~ 10 Km radius. They possess strong surface magnetic field (~ 102 G) and are known to function as
radio pulsars, or as accreting X-ray pulsars when they attract material from nearby stellar companions.
The infalling matter is channeled to the magnetic poles of the neutron star by the magnetic field lines.
Cyclotron Resonance Scattering Features (CRSF's) are produced by resonant scattering of photons off
electrons moving perpendicular to the magnetic field and they are strongly dependent on the local field
strength. The emission region of X-ray spectra, showing cyclotron lines, is thought to be located at or
near the magnetic polar cap of accreting X-ray pulsars. One can probe the structure and evolution of the
magnetic field in the x-ray emission region of neutron stars through a detailed study of CRSFs, which
forms the main theme of this thesis.

This thesis explores different properties of the observed cyclotron lines, using data from different
satellites, like ASTROSAT, SUZAKU, NuSTAR, XMM-Newton etc. This thesis is presented in 8 chapters.
Chapter 1 provides a general introduction and chapter 2 describes the instruments that have been used
to gather the data utilized in this thesis. The work presented in the remaining chapters is outlined below.

Some of the data used in this thesis have been obtained using the Large Area X-ray Proportional
Counter (LAXPC) instrument on board the Indian Space Astronomy Mission ASTROSAT. In the Normal
Course of Analysis, a large systematic error is usually included while fitting the LAXPC spectrum. Such
high systematic errors make it very challenging to find or/and constrain the presence of any cyclotron
lines which are often detected as weak absorption like features against the X-ray continuum. Chapter 3
presents our attempt to mitigate this effect by creating an empirical Auxiliary Response File (ARF) that
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models the residuals present in the Crab spectrum. We found a major reduction in the systematic error
required to obtain acceptable spectral fits after the inclusion of the ARF.

Chapter 4 of this thesis reports a spectral and timing study of the High Mass X-ray Binary (HMXB)
source 4U 1700-37, using NuSTAR and ASBTROSAT/LAXPC. The source is observed in two different
flux states. The spectral analysis of NuSTAR data shows the possible hint of a cyclotron line feature,
which suggests that the compact object is a neutron star and we can estimate the magnetic field strength
in the emission region. The shape of the cyclotron line is found to be dependent on the model of the
continuum used. With some continuum models the line is found to have a double peaked structure which
can be better described as a combination of two features with anharmonic ratio or a distorted line. This
study also finds the presence of a rare Ni K« emission in the NuSTAR spectrum. A weak hint of the same
is found in the low flux XMM-Newton data, whereas, in SUZAKU/XIS data the line is very prominent.
In timing analysis, no coherent or quasi-periodic oscillation signal could be found in the LAXPC and
NuSTAR data.

In chapter 5, analysis of the LAXPC data of the high mass x-ray binary GX 301-2 is presented. The
source GX 301-2 is well known to exhibit a prominent cyclotron line, which changes its energy with the
spin phase. We detect a Gaussian cyclotron absorption line, and the line is found to be present at the
same energy for different continuum models. We have also attempted a spin-phase resolved spectroscopy.
We find that the continuum model is quite same across all phases, but due to low counts in the phase
resolved spectra we are not able to adequately constrain model parameters. The cyclotron line is present
in all phases with the line energy showing a slight variation, but within the error margin of the estimates.
Reduction of systematic uncertainties and improved estimate of the background are required to better
constrain the model parameters. We have also found a prominent presence of an iron K, line in this
source.

The cyclotron line feature in the X-ray spectrum of the accretion powered pulsar Her X-1 has been
observed and monitored for over three decades. The line energy exhibited a slow secular decline over
the period 1995-2014, with a possible indication of a reversal thereafter. Recent works have shown that
the temporal evolution of the line energy may be modelled as a flattening after an earlier decrease until
MJD 55400 (£200). Chapter 6 presents the results of ASTROSAT observations in the context of earlier
data and offers a common interpretation through a detailed study of temporal and flux dependence. It is
concluded that the variation of the line energy does not support an upward trend but is consistent with
the reported flattening after an earlier decrease until MJD 5448715%5.

Chapter 7 presents a theoretical framework for predicting cyclotron line shapes, assuming the presence
of an accretion mound at the polar cap of the neutron star. It is considered that the accretion mound is
in a steady state equilibrium supported by the magnetic field. The mound is assumed to be axisymmetric
and its dynamics to be governed by ideal MHD equations. The structure of the mound in magnetostatic
equilibrium is solved numerically to obtain the matter density configuration and the magnetic field
distribution. From this, the local magnetic field at the mound surface is computed, which is then used
to generate the profile of the expected cyclotron lines. This is done for a range of mound masses and
magnetic field strengths, all the computed profiles are then cast in the form of a Table Model to be used
for spectral fitting using the XSPEC software package. We have attempted fitting this model to explain
the observed anharmonic ratio between the observed cyclotron line energies of Cep X-4. We find that
the observed feature in Cep X-4 can be explain as the presence of two harmonics which are affected by
the magnetic field distortion caused by the accretion mound.

To generate a more detailed prediction of CRSF profiles, we have used a Monte-Carlo radiative
transfer code. This code accepts an input continuum and performs the line transfer by including the
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three cyclotron resonant processes (absorption, emission and scattering). Subsequently, the effects of
gravitational red-shift and light bending on the emergent spectra are applied. The code has been used to
predict the observable spectra from three different emission geometries; 1) an optically thin slab near the
stellar surface, 2) an accretion mound formed by the accumulation of the accreted matter, 3) an accretion
column representing the zone of a settling flow onto the star.

Chapter 8 summarizes the main conclusions of the thesis. The chapter also outlines a few possible
directions of future work.

Yash Bhargava

Spectro-timing study
of Accretion Disks

Black hole binaries are one of the brightest sources in the X-ray sky. Most of the discovered black
hole binaries are transient in nature and are detected when they undergo an outburst. Observing these
sources in soft and hard X-rays provides a unique view into the processes in the vicinity of the black hole.
The X-ray emission from these systems is typically comprised of two components, the photons from a
thermalised accretion disk and a comptonised radiation from a hot thermal cloud of electrons. As the
source goes through an outburst, the relative contribution of these two components vary, resulting in a
plethora of spectral and temporal features which can be used to study these sources. Most of the sources
often show hysteresis in their hardness-intensity diagram, highlighting the complex accretion dynamics in
these sources. The positions of the source on the hardness-intensity diagram correspond to its different
spectral states.

The hard state of black hole binaries is particularly interesting as the emission during the hard state is
dominated by the comptonisation of the disk photons intercepted by the thermal electrons. The accretion
disk is typically truncated at the inner edge. The comptonised emission further interacts with the disk
and produces reflection features (i.e. fluorescent Fe Ko emission line and compton hump). The hard
state is also typically more variable than the soft state which is dominated by the emission from the
thermalised disk. The variability in the hard state is characterised by a broadband noise spanning more
than two decades in the Fourier frequency with occasional presence of peaked features which are referred
to as Quasi Periodic Oscillations (QPOs). The soft state of the source has a thermalised disk which
extends up to the Innermost Stable Circular Orbit (ISCO). Thus measurement of the inner radius of the
accretion disk in the soft state allows to place a constraint on the spin of the black hole.

Some of the key fascinating problems in understanding of the black hole binaries are: a) Intrinsic
parameters of the black hole and their effect on the dynamics of the accretion disk, b) Origin of different
variability features, mainly QPOs, and the relation between the these temporal features and the emission
from these sources, ¢) Geometry of the accretion disk and comptonising cloud in a black hole binary.

This thesis delves into different aspects of accretion around stellar mass black holes by investigating
various spectral and temporal properties of these systems. Chapter 1 gives a preliminary introduction
to the black hole binaries, discusses the different models of accretion and describes some of the open
questions which are addressed in this thesis. Chapter 2 gives a brief overview of the instruments used to

102



"ANNUAL
REPORT
2021-22

study these enigmatic sources. The thesis is divided into two parts: Part I (comprising of Chapters 3,
4 and 5) discusses aspects of fast variability from short to long time-scales while Part II (consisting of
Chapters 6 and 7) discusses evolution of spectral properties at long timescales. Chapter 8 summarises
the work done for the thesis and outlines follow-up projects.

Extensive monitoring of black hole transients using high-time resolution instruments provides a unique
opportunity to study the evolution of the fast variability in these systems. MAXI J1820+070 is one of
the brightest black hole binaries in the recent times to have undergone an outburst. The source was
monitored almost daily by NICER for the duration of its outburst. Using this extensive monitoring, we
track the variation of the QPO observed in the source. By interpreting the QPO and the associated
broad noise features as frequencies from the Relativistic Precession Model, we obtain tight constraints
on the spin of the black hole. The method is a complementary technique to spin measurements from
spectroscopy and can provide independent verification of the elusive spin parameter. The details of our
studies pertaining to this project are described in Chapter 3.

Chapter 4 tracks the evolution of the QPO observed in MAXI J1535—571 along with spectral parameters.
In a single long observation of the source using AstroSat, the QPO frequency was observed to fluctuate
within 1.8-3.0 Hz with the flux of the source continually rising. The spectral slope of the source,
parameterised by the powerlaw index, indicated a fluctuation similar to the QPO frequency. The
observation proves the association of the QPO with the compotonising medium which is responsible
for producing the powerlaw emission. The fluctuations were also seen to be weakly correlated with the
variations in flux after subtraction of a linear trend arising from increasing accretion rate. This indicates
that the fluctuating comptonising medium which is responsible for the QPO.

The variability in the black hole binaries is not limited to the QPOs but it also manifests as broad
band noise features in the power density spectra. One of the prominent black hole binaries, Cygnus
X-1, shows aperiodic peaking features, also known as ’shots’, which typically describe the low frequency
variability. Chapter 5 describes a study in which using a simultaneous AstroSat-NICER observation
of Cygnus X-1, we have detected exact simultaneous shots in the lightcurves. The shot profile was
divided into 9 phases and the shot-phase resolved spectrum of the source was investigated to identify the
varying components during the shot. We find that during the shot, the accretion rate of the source is
consistent with a constant while the inner radius of the disk moves inwards and outwards in the time
scale of a few seconds. The inward/outward motion of the inner edge of the disk is accompanied by
an increase/decrease in the fraction of the upscattered photons and an increase/decrease in the spectral
slope. The shot phenomenon Cygnus X-1 is thus interpreted as inward and outward motion of the inner
edge of accretion disk at constant accretion rate which causes a corresponding change in the compton
upscattering of the disk photons and subsequent effect on the powerlaw index of the comptonising region.

At a longer timescale, the variation in the spectrum is typically dominated by either physical changes
in and around the source or simply geometrical effects. An interesting example of the latter is Cygnus
X-3 which shows a prominent orbital modulation in X-rays. The modulation also affects the spectrum
at different orbital phases. Chapter 6 reports the results from our studies of the spectral variation of
Cygnus X-3 in its Very High State using NuSTAR observations as a function of time (and orbital phase).
We find that a significant variation in absorption column density is observed as a function of the orbital
phase indicating that the absorbing material is tidally locked to the binary system. Across different
observations, the properties of the additional absorbing material are observed to be similar. The line
energy of relativistically broadened iron emission line also shows a significant variation with the orbital
phase indicating an orbital dependence of the reflection features.
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The reflection of X-rays originating from the comptonising medium off the disk is a well-observed
phenomenon. With the current high sensitivity detectors, it is possible to constrain the geometry of
many sources by characterising the reflection spectrum. The dependence of the reflection fraction on the
inner truncation radius favours a lamp-post geometry of the comptonising medium while the converse
indicates that the comptonising medium has a sandwich-like geometry in which the medium covers a part
of the accretion disk. A subset of black hole binaries has shown weak or no reflection which makes them
highly interesting targets for understanding different manifestations of the accretion geometry. In the
study described in the Chapter 7, a sample of three such sources (MAXI J1727-203, Swift J1357.2-0933
and Swift J1753.5-0127) monitored by NuSTAR at different epochs of their respective outbursts is studied.
Using the high sensitivity of NuSTAR in the energy range appropriate for a study of reflection, we are
able to place strong constraints on the lack of reflection in these sources. All the observations except
one analysed in this study were taken in hard state. The hard state observations of these sources can
be explained adequately with an absorbed powerlaw. The soft state observation of Swift J1753.5-0127
indicated a highly truncated disk. We investigate possible reasons for the low reflection fractions, including
the hypothesis that varying levels of disk truncation is a primary determinant of reflection fraction.

Bhaskar Biswas

Constraining the equation of state of neutron stars
using multimessenger observations

Neutron stars are the densest objects known in our universe. Properties of matter inside neutron
star are encoded in its equation of state, which has wide-ranging uncertainty from the theoretical
perspective. With the current understanding of quantum chromodynamics, it is very hard to determine
the interactions of neutron star matter at such high densities and also performing many body calculation
is computationally intractable. Besides the constituent of neutron star at its core is highly speculative —
perhaps containing exotic matter like strange baryons, meson condensates, quark matter, etc. We cannot
produce such dense material in our laboratory. Since probing the physics of NS matter is inaccessible by
our earth based experiments, we look for astrophysical observations of neutron star. This thesis deals
with the theoretical and computational techniques to translate neutron star observable from astrophysical
observations into the equation of state of neutron star.

With the first detection of gravitational wave from a binary neutron star merger event GW170817 along
with its electromagnetic counterpart, we have now entered into multimessenger astronomy of neutron star.
Novel constraint on the neutron star equation of state can be obtained from the inspiral phase of the signal
as it carries the imprint of neutron star matter due to the tidally deformed structure of the components.
Because of extreme nature, there are several physical processes inside the neutron star which might be
present such as anisotropic pressure and presence of solid crust. Generally, in the standard theoretical
formulation of an equilibrium or perturbed relativistic star, we do not include those effects. One of the
primary aim of this thesis is to examine the effect of these effects on the neutron star observable and see
whether it is possible to discern the presence or absence of those processes.

We are now in a golden era of neutron star physics. Not only gravitational wave observation, recently
NICER collaboration has also provided a very accurate measurement of mass and radius of PSR J0030+0451
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by observing X-ray emission from several hot spots of neutron star surface. By combining these observations
coming from multiple messenger we could provide a stringent constraint on neutron star properties. The
major part of this thesis focuses on constraining neutron star equation of state combining multiple
observations using Bayesian statistical formalism based on a hybrid equation of state formulation that
employs a parabolic expansion-based nuclear empirical parameterization around the nuclear saturation
density augmented by a generic 3-segment piecewise polytrope model at higher densities. Finally,
this hybrid equation of state formulation is used to study the nature of the “mass-gap” object in an
gravitational wave event named GW190814, deteceted by LIGO /Virgo collaboration.

Sayak Dutta

Distinguishing black holes, neutron stars
and exotic compact objects in inspiraling binaries

The primary defining feature of a classical black hole is being a perfect absorber. Any evidence
showing otherwise would imply a departure from the standard black-hole picture. Energy and angular
momentum absorption by the horizon of a black hole is responsible for tidal heating in a binary. This
effect is important in the late stages of an extreme mass ratio inspiral around a spinning supermassive
object, which is one of the main targets of the upcoming LISA mission. We study the potential of this
effect to be used as a probe of the nature of supermassive objects. We compute the orbital dephasing and
the gravitational-wave signal emitted by a point particle in circular, equatorial motion around a spinning
supermassive object to the leading order in the mass ratio. The absence of absorption by the central
object can affect the gravitational-wave signal dramatically, especially at high spin. This effect will make
it possible to put an unparalleled upper bound on the reflectivity of exotic compact objects, at the level
of ©(0.01)%. This stringent bound would exclude the possibility of observing echoes in the ringdown of
a supermassive binary merger. We also do a Fisher analysis to estimate the errors that will be present
for EMRIs.

We study how tidal heating of an ECO gets modified due to the presence of a reflective surface and
what implication it brings for the gravitational wave observations. We argue that the position of the
reflective surface, € > 1075, can have an observational impact in extreme mass ratio inspirals. We also
discuss a possible degeneracy between e and reflectivity, |R|?, in the context of parameter estimation.

In the context of comparable mass binaries, we show how by careful monitoring of the presence or
absence of tidal deformability (TD) and tidal-heating (TH) in the inspiral signal of compact object
binaries in ground-based gravitational-wave (GW) detectors one can test if its components are black
holes or not. The former property (TD) is finite for neutron stars but vanishes for black holes (in General
Relativity), whereas the latter is finite for black holes and negligible for neutron stars, and affects the
GW phase evolution of binaries in a distinctly different way. We introduce waveform parameters that
characterize the strength of tidal heating and are zero when there is no horizon. We demonstrate how
by using those parameters Bayesian methods can distinguish the presence or absence of horizons in a
binary. This is a particularly exciting prospect owing to several claims that these stellar-mass objects,
especially, with masses heavier than those of neutron stars, may not have a horizon but may be black
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hole mimickers or exotic compact objects (ECOs). Perhaps more significant is the possibility that our
method can be used to test the presence or absence of horizons in mass-gap binaries and, thereby, help
detect the heaviest neutron star or the lightest black hole. A proper accounting of tidal-heating in binary
waveform models will also be critical for an unbiased measurement of characteristics of the equation of
state of neutron stars in GW observations of binaries containing them — or even to probe the existence

of ECOs.

Shalabh Gautam

Towards Einstein Field Equations in Spherical Symmetry
on Hyperboloidal Slices: A Generalized Harmonic Gauge Formalism

To study explicitly the development of a large class of initial data (ID) through the Einstein field
equations (EFEs) and predict the results quantitatively, we need to study it numerically. One needs access
to future-null infinity, £, to study this evolution and extract the resulting gravitational waves (GW)
signal accurately. In this work, we aim at including .# T in the computational domain with a well-posed
formalism. This goal requires addressing the problem at the level of geometry, partial differential
equation (PDE) analysis and numerical techniques. The geometrical aspect of this problem is solved by
using hyperboloidal slices, as explained in Chapters 1 and 2. From the PDE point of view, this problem is
given a well-posed formulation by working in generalized harmonic gauge (GHG). The resulting equations
are then adapted to hyperboloidal slices by using the Dual-Foliation (DF) formalism. All this is done in
Chapter 3. Asymptotic analysis of the EFEs in GHG tells us that these equations can be categorized
according to their fall off towards future null infinity. In Chapter 4, model equations, one from each
of the identified classes, are considered, and a prescription is given to regularize them on hyperboloidal
slices. This regularization scheme is then tested numerically, and consistent results are observed. The
numerical aspects of the problem are dealt with by developing the summation-by-parts (SBP) scheme
on these slices. Our derivations are performed for second-order accurate finite difference operators, but
their extension to higher-order accuracy could be achieved straightforwardly. The origin is regularized,
and suitable dissipation operators are also derived. Numerical experiments show dramatic improvement
in the results in terms of numerical errors, long time convergence and stability. All these numerical
triumphs are achieved in Chapters 5 and 6. Finally, in Chapter 7, the EFEs in GHG are evolved on
these slices. The numerical results show regularity and convergence at #% and in the trivial L? norm.
Possible extensions and applications of the work are discussed in Chapter 8, some of which may have a
bearing on future observations in GW astronomy.
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Soumak Maitra

Probing the astrophysical and cosmological aspects of
Intergalactic Medium using Quasar spectra.

The Intergalactic Medium (IGM) is a primary reservoir of the baryonic content of the Universe. The
baryonic density fluctuations in the IGM are known to follow dark matter density fluctuations at large
scales and hence can be used as a cosmological probe for structure formation. At small scales, IGM
primarily probes astrophysical processes associated with galaxies and the circumgalactic medium. Also
at high-z, pressure broadening involved at such scales retain information about thermal history of the
IGM and hence can be used as a probe of the cosmic reionization. The matter distribution in the
IGM manifests itself observationally in the form of H1 Ly« forest absorption in the spectra of distant
quasars. The observational properties of these absorption are determined by the thermal and ionization
state of the IGM along with the dark matter density distribution. Numerical simulations and analytical
modelling of a warm photo-ioinized IGM in the framework of ACDM models successfully reproduce many
observed properties of the Lya forest absorption: the column density (Nyp) distribution, the Doppler
b-parameter distribution, the flux probability distribution function, power-spectrum of transmitted flux
and the redshift evolution of absorption lines above a certain Nyr threshold. Through these models we can
constrain the H1 photoionization rate, mean IGM temperature and temperature density relationship over
a large redshift range. The Ly« forest has also been used to study cosmic reionization and thermal history
of the universe as well as impact of various feedback processes (such as SNe and AGN driven outflows)
on the IGM that operate during the formation and evolution of galaxies over cosmic time. Besides
understanding the astrophysical properties of IGM, Ly« forest spectra has been useful in constraining
cosmological parameters and placing bounds on the mass of warm dark matter particles and neutrinos.

Clustering studies of Ly« forest is essential for understanding the matter distribution of IGM. Due to
easy availability of larger number of of single quasar sightlines, they have been used widely to characterize
the longitudinal (i.e. redshift space) two-point correlation function (or power-spectrum) along quasar
sightlines. However, redshift space correlations (for pixel-based flux statistics) are primarily affected by
thermal broadening effects in comparison to the pressure broadened 3D structures in IGM. For probing
the thermal history of the IGM one needs to capture these pressure broadened 3D structures which can
be done with transverse correlation. Despite quasar pairs being relatively sparse in number, people have
been studying clustering in the transverse direction between adjacent sightlines (transverse correlation)
of closely spaced projected quasar pairs or gravitationally lensed quasars.

While several studies involving two-point correlation (or power spectrum in fourier space) in Ly«
forest have been carried out to study clustering properties of the IGM, the higher order statistics remain
largely unexplored. The first higher order term, i.e, three-point correlation will be useful in probing
non-gaussianity in the matter density distribution caused by non-linear gravitational evolution. While
three-point clustering (using three-point correlation, or bispectrum in fourier space) has been studied
largely using low-z galaxies and high-z quasars, Ly« forest as an observable would be able to probe the
matter clustering at smaller scales and higher redshifts. In addition to constraining the second order
quadratic bias in clustering, three-point statistics can also act as an independent tool along with the
two-point statistics in constraining cosmological parameters as well as the physical state of IGM. It
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has also been pointed out that the three-point statistics is helpful in removing the degeneracy between
different cosmological parameters like the bias and amplitude of matter power spectrum.

Frequently used pixel based computation of correlation function in Ly« forest using transmitted flux
is largely affected by the complex non-linear relation between transmitted flux and matter density field.
In case of three-point correlation in transmitted flux, the amplitude is largely dominated by this complex
relation rather than the non-gaussianity in matter distribution itself. In an alternate approach in this
thesis, we use a novel absorber-based approach (similar to what one uses for galaxy clustering studies) for
performing higher order clustering studies. We show that Ly« absorption decomposed into Voigt profile
components (called absorbers in this work) provide a straightforward way for estimating three-point
correlation and studying it as a function of HI column density (Nyp) and line-width parameter (b). In
this thesis work, we study three-point clustering statistics in both redshift space as well as in transverse
direction using high-resolution quasar spectra in conjugation with N-body hydrodynamical simulations.
The organization of the thesis is as follows.

e In Chapter 1 we provide basic introduction to IGM and motivate various issues addressed in this
thesis.

e In Chapter 2 of the thesis, we present measurements of the redshift space clustering of low-z
(z < 0.48) Ly« absorbers using HST-COS data and report the first measurements of longitudinal
three-point correlation. At low-z, the Lya absorbers originate from large overdensities compared
to the Lya absorbers at high-z. While most of the low-z IGM is photoionized, frequent presence
of Broad Lya absorbers (BLAs; defined as Lya absorbers having b-parameters, b> 40 kms™!)
and ionization modelling of high ionization absorbers (probed by Ne viil and O vI absorption)
suggest that some of low-z Lya absorbers may also be collisionally ionized. We explored the
N and b dependence of the observed two-point and three-point correlation. We also study
the connection between Ly« clustering and galaxy distribution. Additionally, we investigate the
impact of peculiar velocities and feedback processes on the clustering signals with the help of
hydrodynamical simulations.

e In Chapter 3 of the thesis, we have measured the redshift space two-point and three-point
correlation of Lya absorbers and studied their redshift evolution over 1.7 < z < 3.5 using one
of the largest sample of 292 high-resolution quasar spectra from KECK/HIRES and VLT /UVES.
We do find the clustering of the Ly« absorbers above a fixed Ny threshold to evolve with redshift
strongly. We show this strong redshift evolution of clustering is mainly dominated by the redshift
evolution of baryon overdensity-/Nyy relationship. As in the case of low-z IGM, both two- and
three-point correlation are found to be strongly correlated with Nyj. At high-z, where the Lya
typically originates from photo-ionized diffused gas and retains the thermal memory of the past, we
studied the impact of the thermal history and the ionization state of the IGM on the observed Ly«
clustering using simulations. The simulations obtained with UV ionizing background consistent
with available measurements of H 1 photoionization rates, produce consistent clustering signals with
observations at z ~ 2. However, they under-predict clustering at higher redshifts. We have also
used simulations to investigate the effect of peculiar velocities and feedback processes.

e In Chapter 4 of the thesis, we use N-body hydrodynamical GADGET-3 simulations to generate a
statistically large number of mock quasar triplet sightlines and analyze the transverse three-point
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correlation over different cofigurations and transverse scale of 1-5 h ' cMpc at z ~ 2. We find the
three-point correlations to depend strongly on Ny and linear scale and weakly on the angle of the
triplet configuration. We show that the ‘hierarchical ansatz’ is applicable for scales > 3h~! cMpc,
and obtain a median reduced three-point correlation (Q) to be in the range 0.2 — 0.7. We show,
the transverse three-point correlation is influenced strongly by the thermal and ionization state
of the gas. We study the effect of pressure broadening on three-point correlation using a model
with artificially boosted heating rates. While pressure smoothing effects are clearly seen in this
case, for models with realistic thermal and ionization histories the effect of pressure broadening on
three-point correlation is found to be subdominant compared to other local effects. We discuss the
observational requirements for the detection of transverse three-point correlation, specifically, in
small intervals of configuration parameters and redshift.

Chapter 5 of the thesis attempts at studying transverse clustering of Ly« forest (2 < z < 2.5) using
X-Shooter spectra of three background quasar triplets probing transverse separations of 0.5-1.6
pMpc. We assign probabilities for realizing all the observed correlation properties simultaneously
using our simulations. We also probe the matter distribution in 3D, possible only with such quasar
triplets (or multiplets) and identify Damped Lyman-a systems (DLAs) along all three sightlines
within a span of ~ 37 pMpc along one of the triplets. Detection of a foreground quasar (~ 1
pMpc from the triplet sightlines) and excess partial Lyman Limit systems around these DLAs
suggest that the sightlines may be probing a large overdense region. We also identified a concurrent
gap of 17TA (i.e. 14.2h~1cMpc, one of the longest reported) wide along one of the triplets, which
is most probably, representing a physical void. Using these sightlines, we also explore C1v-C1v
auto-correlation as well as C1v-HT1 cross-correlation.

In Chapter 6, we summarise our main results and provide a future outlook following this thesis
work.

Swagat Mishra

Some aspects of the Accelerating Universe:
from Inflation to Dark Energy.

An intriguing fact about our universe is that it appears to accelerate twice: once at very early times
during Cosmic Inflation and then again at late times, closer to the present epoch, due to Dark Energy
domination. This PhD thesis explores novel panoramas in the direction of several cosmic conundra
associated with both the aforementioned periods of accelerated expansion of the universe.

Remarkable progress in our understanding of the universe over the past three decades has resulted in
a firm picture of the universe in the form of the standard model of Cosmology, namely the flat ACDM
model. This model of ‘Concordance Cosmology’ successfully describes the background expansion as
well as the growth and formation of the large scale structure of our universe with astounding accuracy,
starting from about 1 sec in the radiative hot Big Bang phase until 13.8 billion years at the present epoch.
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Similarly ‘Cosmic Inflation’; a transient period of at least 50-60 e-folds of rapid accelerated expansion of
space at early times, has emerged as the leading scenario of the very early universe, setting natural initial
conditions for the standard model prior to the commencement of the radiative hot Big Bang Phase.

However in spite of these recent developments, a number of aspects of our universe remain far from being
firmly established at present. This includes some aspects of the early accelerated expansion i.e cosmic
inflation as well as some aspects of the late time acceleration during Dark Energy dominated epoch. While
several distinct predictions of the single field slow-roll scenario of inflation have received spectacular
observational confirmation, both from Cosmic Microwave Background (CMB) as well as Large Scale
Structure(LSS) observations, the detection of the spectrum of almost scale invariant relic Gravitational
waves(GWs), in the form of CMB B-mode polarization, remains one of the major challenges for the
upcoming decade. Similarly a substantial period of the inflaton dynamics corresponding to potentially
interesting small scale primordial physics, which accounts roughly to the last 40-50 e-folds of accelerated
expansion during inflation, remains observationally unexplored, being inaccessible to the CMB and LSS
observations. Another important aspect of inflationary cosmology, namely the epoch of ‘reheating’,
remains observationally unprobed at the present, in spite of a profusion of theoretical progress in this
direction. In addition, explorations of the beginning of the slow-roll phase of cosmic inflation, including
initial conditions for inflation remain an interesting theoretical area of research.

Similarly at late times, the success of the standard model of Cosmology relies on the presence of
the hitherto unknown dark energy to source its present accelerated expansion as well as dark matter to
facilitate the formation of structure in the universe, along with explaining a multitude of Astrophysical and
Cosmological phenomena. While a cosmological constant is usually preferred as the source of dark energy,
fine-tuning problem associated with it combined with other conceptual challenges have lead researchers
to look for dynamical models of dark energy. As per dark matter, Weakly Interacting Massive Particles
(WIMPs), which are beyond the Standard Model of particle physics, are often considered as the leading
candidates. However the absence of their experimental detection in spite of decades of search has directed
researchers to consider possible alternatives to WIMPs, for example axions and primordial black holes
(PBHs).

The present thesis explores new directions along the aforementioned cosmological quandaries.

Gitika Shukla

Probing Environment Of High Redshift Quasars
using diffuse Lyman-o emission.

Quasar absorption line spectroscopy has been extensively used for the last many decades, to probe the
gas in the circum-galactic medium (CGM) and inter-galactic medium (IGM) surrounding galaxies . The
one-dimensional nature of absorption line studies, however, is not ideal for probing the spatial distribution
of the gas surrounding individual galaxies. Therefore, in order to fully characterise the physical and
kinematic properties of this gas, it is important to combine absorption and emission studies.

The diffuse nature of gas in the CGM/IGM makes direct imaging of these gas phases rather challenging.
However, the UV photons from luminous sources such as quasars can ionize the neutral hydrogen (Hr1)
gas present in the medium, with subsequent recombinations producing the Lyman-a (Ly«) 1216A line
transition which can be detected as spatially extended blobs of emitting gas (a.k.a. Ly« nebula or diffuse
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Lya emission or Ly« halo) . Detailed investigations of the spatial distribution, kinematics, and excitation
of the gas traced by the extended Lya emission can provide vital clues on various feedback processes that
drive star formation and AGN activities in these high-z galaxies. The detection rate of these extended
Lya emission has gone upto 100% with the advent of integral field spectrographs (IF'S) like the Multi-Unit
Spectroscopic Explorer (MUSE) and the Keck Cosmic Web Imager (KCWT).

In the case of radio-loud AGN, it is possible to explore the relation between the properties of the
extended Ly« emission and their radio morphology, both of which could depend on the relative orientation
of the putative ionizing cone . High-z radio galaxies (HzRGs) have shown strong correlation between the
radio axis and the major axis of the diffuse/optical gas emission . One of the first studies of spatially
resolved Ly« emission in a large statistical sample of radio-loud quasars (RLQs) was by Heckman et al.
[1991]. The halos associated with these RLQs were typically ~100 kpc large with Ly« halo luminosity
of ~ few x10* ergs~! and showed alignment between the radio axis and the Lya morphological axes
to within 30°. However, unlike in the case of HzRGs, the radio sizes of RLQs do not correlate with the
sizes of the extended Ly« halos.

It is interesting to note that the samples used in the studies above are typically defined using optical
colour or radio flux. The UV to optical light from the AGN can, however, be obscured by dusty material
fuelling the central engine or by the dusty torus surrounding the accretion disk as proposed in AGN
unification model. Reddening could also be caused by dust in the intervening medium. This could
potentially inhibit the detection of these dust obscured AGN using selection techniques that rely on optical
colours alone. Regardless of the origin of obscuration, it is therefore desirable to build dust-unbiased
samples of AGN to distinguish between competing paradigms based on evolution or orientation to
understand the AGN population itself and its impact on galaxy evolution via feedback. Among various
selection techniques — such as those based on optical colors, X-ray luminosity and radio flux — the
mid-infrared (MIR) color selection based on the AIIWISE catalog from the Wide-field Infrared Survey
Explorer (WISE) in its four bands, namely W1 (3.4 ym), W2 (4.6 pm), W3 (12 um), and W4 (22 pm), is
widely used to construct dust-unbiased samples of AGN.

In this thesis, we will study the properties of radio-loud AGN along with their influence on their
environments. In order to ensure that our study is dust-unbiased, we have used WISE MIR-colors (i.e
W; — W3 < 1.3x (Wy —W;3)—3.0and Wy — W3 > 0.6) [see Fig 1 of Krogager et al. 2018] to construct
a sample of AGN candidates for follow up spectroscopic survey using Nordic Optical Telescope (NOT)
and the Southern African Large Telescope (SALT) to confirm the redshift and nature of these sources.
The WISE color cut chosen is used to efficiently select quasars at z > 1.4. This sample (which we refer
to as SALT-NOT) is based on the following three criteria: (i) flux density > 200mJy at ~1 GHz, (ii)
0 < +20°, and (1) MIR-colors consistent with equation given above. The SALT-NOT sample definition
is based on the requirements of MeerKAT Absorption Line Survey [MALS; see Gupta et al. 2016, for
key science objectives], an ongoing large survey at the South African precursor of the upcoming Square
Kilometer Array (SKA) and these objects from SALT-NOT will be the main targets for MALS.

We have a total of 303 new AGN, all being extremely radio-loud (median R = 3685) and brighter
than 200 mJy at 1.4 GHz, with 250 being in the redshift range 0 < z < 5. This sample of SALT-NOT
AGN forms an excellent resource for a broad range of science goals. In this thesis, we will first measure
the redshifts of the objects in this sample and characterise the sample using various properties such as
black hole mass, continuum luminosity, etc. We will then use a subset of this sample at z > 2.7 to study
the spatial distribution of gas using Ly« emission. We also search for damped Ly« systems (DLAs)
and associated Lya emission in this sample. This is the first statistical study of spatially extended Ly«
emission in a dust-unbiased, large sample of extremely bright radio-loud AGN.
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R. Sujatha

Halo Dynamics and Kinematics: Applications to
Large-Scale Structure and Cosmology

The physical connection between the growth and properties of gravitationally collapsed haloes of
dark matter haloes and the cosmic web environment in which these haloes reside is an interesting and
challenging problem in the study of hierarchical structure formation [White and Silk, 1979, Eisenstein
and Loeb, 1995, Bond and Myers, 1996, Bond et al., 1996, Monaco, 1999, Sheth and Tormen, 1999].
The large-scale clustering or the density environment of the dark matter haloes is a key variable in
understanding the formation and evolution of the large-scale structure of the Universe [see Desjacques
et al., 2018 for a review]. Although the basic statistical connection between the very large-scale density
environment (or halo bias) and halo properties such as mass was already established several decades ago
[Kaiser, 1984, Bardeen et al., 1986, Bond et al., 1991, Lacey and Cole, 1993, Mo and White, 1996], an
enhanced understanding of the dark matter halo and consequently, galaxy formation and evolution thus
requires us to explore deep correlations - which is also the focus of this thesis - between the large-scale halo
bias and internal properties of the halos such as formation time, concentration, substructure abundance,
shape, velocity dispersion structure, angular momentum, local tidal morphologies etc. This was also
necessitated by the subsequent technological improvements in simulating cold, collisionless self-gravitating
cosmological systems which have revealed several of these additional features of dark matter haloes [see,
e.g., Sheth and Tormen, 2004, Gao et al., 2005, Wechsler et al., 2006, Jing et al., 2007, Faltenbacher and
White, 2010, Shen et al., 2006].

The term halo assembly bias is used to describe the correlation between internal properties of dark
matter haloes and the large-scale halo clustering strength at fixed halo mass which are also strongly
affected by the local, non-linear cosmic web. Apart from the intrinsic interest in painting a more complete
picture of hierarchical structure formation from first principles, understanding and calibrating these effects
also continues to be of interest from the point of view of galaxy formation and evolution [see, e.g., Yan et
al., 2013, Tinker et al., 2017, Paranjape et al., 2018a, Alam et al., 2019, Wang et al., 2018, Zehavi et al.,
2018]. Tt is also a potential source of systematic uncertainty for cosmological inference from upcoming
large-volume galaxy surveys [Zentner et al., 2014, McEwen and Weinberg, 2018].

In this thesis, we examine the effect of the halo’s local environment on its assembly bias by characterising
a halo’s local web environment by its tidal anisotropy « at scales ~ 4 x the halo radius. We focus on scalar
internal properties of haloes related to formation time (concentration cyi,/c200), shape (mass ellipsoid
asphericity ¢/a), velocity dispersion structure (velocity ellipsoid asphericity ¢, /a, and velocity anisotropy
B) and angular momentum (dimensionless spin A). In chapter 2, we introduce all of the above properties.

In chapter 3 of the thesis which is based on [Ramakrishnan et al., 2019, 2021], we demonstrate that
these multi-scale correlations represent two distinct statistical links: one between the internal property
and «, and the other between «a and large-scale ( > 30h~!Mpc) halo bias b;. The halo-by-halo bias
allows us to treat clustering as another property of individual haloes and perceive the assembly bias as
a correlation between two variables, namely halo-by-halo bias b; and halo property ¢. Using conditional
correlation coefficients and other detailed tests, we show that the joint distribution of «, b; and any of the
internal properties ¢ € {3, ¢, /ay, ¢/a, cyir, A} is consistent with p(«, by, c) ~ p(a)p(b1|a)p(c|a), at all but
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the largest masses. Thus, the assembly bias trends ¢ < by reflect the two fundamental correlations ¢ < «
and by < «. In other words, there is no residual assembly bias once the tidal anisotropy is fixed. Our
results are unaffected by the exclusion of haloes with recent major merger events or splashback objects,
although the latter are distinguished by the fact that « does not explain their assembly bias trends.

Figure 1 shows the main results of this chapter. The left panel shows Spearman rank correlation
coefficients (for haloes in fixed bins of virial mass M,i;) between the tidal anisotropy « and other halo
properties including halo bias by and all the five internal properties ¢. This panel summarizes a number of
previously known results, including the observations that, at fixed mass, haloes in more anisotropic tidal
environments tend to be more strongly clustered [« < by, Hahn et al., 2009, Paranjape et al., 2018b],
more concentrated [a < cyiy, Paranjape et al., 2018b], more spherical [ < ¢/a, Wang et al., 2011],
with higher spin [@ <> A, Hahn et al., 2009, Wang et al., 2011], and have more tangentially dominated
velocity distributions [ <= (3, Borzyszkowski et al., 2017]. Additionally, we see that objects in anisotropic
environments also have more spherical velocity ellipsoids (« < ¢,/a, ), with a correlation very similar at
all masses to that between « and the mass ellipsoid asphericity c¢/a.

Figure 1: Correlations between internal halo properties, tidal environment and large-scale
bias. (Left panel:) Spearman rank correlation coefficients, for haloes in bins of mass My;,, between tidal
anisotropy « and other halo properties, including 45, with large-scale bias b; and v,. with internal
properties ¢ € {5, ¢,/ay, c/a, cyir, \} (see caption of Figure 1 of Ramakrishnan et al. [2019]). In the
legend, each coefficient v, is represented by the symbol a < b. (Middle panel:) Assembly bias trends
seen using Spearman rank correlation coefficients v, . between halo bias and each internal property c
(c.f. Figure 1 of Ramakrishnan et al. [2019]). (Right panel:) Conditional correlation coefficients v, ¢|q
(equation 12 of Ramakrishnan et al. [2019]) 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. In each panel, filled
symbols joined with solid lines show the mean over 10 realisations of the 300h~!Mpc box, with error bars
showing the scatter around the mean, while open symbols joined with dashed lines show measurements
using 2 realisations of the 150h~'Mpc box. The right panel shows the main result of this work: each
conditional coefficient 7y, .| is substantially smaller in magnitude than the corresponding unconditional
coefficient 73, in the middle panel. Thus, conditioning on tidal anisotropy « largely accounts for the
assembly bias trend of all internal halo properties. See text for a discussion.
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Figure 2: Linear halo bias b; as a function of peak height v for upper and lower quartiles of a (i.e.,
& < —0.675 and & > 0.675). The data points with error bars are obtained from simulations (see section
2.2 of Ramakrishnan and Paranjape [2020]). The two solid curves in both panels are obtained by taking
the Lognormal model b¥(m,a) and bY(m, &) averaging within the upper and lower quartile of &. The
covariance matrix from Table 2 of Ramakrishnan and Paranjape [2020] is used to sample ¥, 31 12 and
£ 300 times and the standard deviation of b¥(m, &) and b%(m, &) computed from each of these times is
plotted as an error band around the solid curves. The black dashed curve shows the analytic fit for the
linear bias of all haloes from Tinker et al. [2010] and Lazeyras et al. [2016].

The middle panel of Figure 1 summarizes the known assembly bias trends. Note that we have zoomed
in on the vertical axis as compared to the left panel; the correlations of halo properties with large-scale
bias are weaker (by approximately a factor ~ 3 in each case) than the respective correlations with the
local tidal environment.

The right panel of Figure 1 shows our main new result: we display the conditional correlation coefficients
Yorela (calculated using equation 12 of Ramakrishnan et al. [2019]) for each internal property c. The
vertical scale is identical to that in the middle panel which showed the corresponding unconditional
coefficients using the same scheme for colours and markers. In each case, we see that the conditional
coefficients are substantially smaller in magnitude than the corresponding unconditional ones at all masses
(by a factor ~ 4 or so at low masses). In fact, except for 3 around ~ 10h~1Mg (see below), the
conditional coefficients are scattered around zero in all cases over the entire mass range, implying that
« is an excellent candidate for the primary environmental variable responsible for halo assembly bias
trends.

Another clustering statistic that captures small scale halo clustering in addition to the large scale
clustering is the two-point correlation function. We demonstrate that the two-point correlation function
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of a halo sub-population of a fixed mass range (selected by a particular halo property) remains invariant
under a random shuffling of halos within bins of tidal anisotropy «. The overarching importance of «
provides a new perspective on the nature of assembly bias of distinct haloes, with potential ramifications
for incorporating realistic assembly bias effects into mock catalogs of future large-scale structure surveys
and for detecting galaxy assembly bias.

In chapter 4 which is based on [Ramakrishnan and Paranjape, 2020, Ramakrishnan et al., 2021],
our primary aim was to use the Separate Universe technique to calibrate the dependence of linear and
quadratic halo bias b; and by on the local cosmic web environment of dark matter haloes. We do this
by measuring the response of halo abundances at fixed mass and cosmic web tidal anisotropy « to an
infinite wavelength initial perturbation. We augment our measurements with an analytical framework
developed in earlier work [Paranjape and Padmanabhan, 2017] which exploits the near-Lognormal shape
of the distribution of «v and results in very high precision calibrations.

We present convenient fitting functions for the dependence of b; and by on « over a wide range of halo
mass for redshifts 0 < z < 1.

Our calibration of be(«v) is the first demonstration to date of the dependence of non-linear bias on the
local web environment. Motivated by results in the previous chapter which showed that « is the primary
indicator of halo assembly bias for a number of halo properties beyond halo mass, we then extend our
analytical framework to accommodate the dependence of b; and by on any such secondary property
which has, or can be monotonically transformed to have, a Gaussian distribution. We demonstrate
this technique for the specific case of halo concentration (and for all other four properties later in the
next chapter), finding good agreement with previous results. We reproduce the known dependence of
b1 (c200b, V) accurately over our entire dynamic range, while ba(cagon, ) departs from previous results
at low peak height v. Our calibrations will be useful for a variety of halo model analyses focusing on
galaxy assembly bias, as well as analytical forecasts of the potential for using « as a segregating variable
in multi-tracer analyses. Figures 2 summarise the main result of this chapter. The solid curves in left
panel of Figure 2 show the analytic framework for b; applied to the halo populations in upper and lower
quartiles of a; these are obtained using equation 12 of Ramakrishnan and Paranjape [2020] averaged over
the quartiles of the standardised tidal anisotropy weighted by the standard Gaussian distribution.

For comparison, we also compute the peak-background split bias for these two halo populations
separately. The results, shown as the two sets of points with error bars in Figure 2, agree well with the
analytical framework, but with larger errors. Thus, our framework is a very convenient noise reduction
technique for computing halo assembly bias, as noted previously by Paranjape and Padmanabhan [2017].

The right panel of Figure 2 shows the difference in by for the upper and lower quartiles of the tidal
anisotropy «. Interestingly, the upper and lower quartiles have opposite signs in all the mass ranges.
The upper quartile population having positive values is expected from the extreme non-Gaussianities and
non-linearities present in the spatial distribution of haloes in dense filamentary (high «) environment.
The near-zero, slightly negative bs of haloes in isotropic regions (low a quartile) is more complicated, as
it could either have negative skew from being in an underdense void or a positive skew from being in
an overdense cluster. We can see that the dependence on the environment is clearly strong; the relative
difference between any quartile by and mean b, is of the order of unity while the relative difference between
any quartile and mean by is of the order of 10.

Unlike b1, the a-dependence of by is also a strong function of v, consistent with the expectation that
bs depends on significantly more nonlinear scales than does b1. Similar to b1, our formalism allows for
the computation of by at fixed «, not just in bins of a.

In Chapter 5 of the thesis which is based on [Ramakrishnan et al., 2021], we discuss an application of
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the above ideas which is useful to create large volume mock halo catalog. Large-scale sky surveys require
companion large volume simulated mock catalogs. To ensure precision cosmology studies are unbiased,
the correlations in these mocks between galaxy properties and their large-scale environments must be
realistic. Since galaxies are embedded in dark matter haloes, an important first step is to include the effect
of assembly bias for dark matter haloes. However, galaxy properties correlate with smaller scale physics in
haloes which large simulations struggle to resolve. We describe an algorithm which addresses and largely
mitigates this problem. Our algorithm exploits the fact that halo assembly bias is unchanged as long
as correlations between halo property ¢ and the intermediate-scale tidal environment « are preserved.
Therefore, knowledge of « is sufficient to assign small-scale, otherwise unresolved properties to a halo
in a way which preserves its large-scale assembly bias accurately. We demonstrate this explicitly for
halo internal properties like formation history (concentration cagp, ), shape ¢/a, dynamics ¢, /a,, velocity
anisotropy  and angular momentum (spin \). Our algorithm increases a simulation’s reach in halo mass
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Figure 3: Comparison of assembly bias due to halo shape ¢/a (top row) and concentration cappp (bottom
row) in our large-volume, low-resolution simulations and corresponding mocks with Separate Universe
(SU) calibrations. For each halo property ¢, the four different coloured data markers show the average
halo bias in the four quartiles of ¢, with values ¢ measured directly in the low-resolution simulation (left
panels) and assigned by our conditional sampling algorithm (right panels). The solid curves, repeated
for each property in the corresponding left and right panel, show the calibration for assembly bias using
the SU technique from equation 27 of [Ramakrishnan and Paranjape, 2020]. The small lower sub-panels
in each case show the ratio of each assembly bias curve with the SU calibration. Low-mass haloes
resolved with < 300 particles (halo masses < 4.6 x 102h~1M) in the simulation (left hand panels) fail
to reproduce the full strength of assembly bias, while corresponding haloes in the mock catalogs (right
hand panels) perform much better down to a 30 particle threshold.
and number density by an order of magnitude, with improvements in the bias signal as large as 45%
for 30-particle haloes, thus significantly reducing the cost of mocks for future weak lensing and redshift
space distortion studies. Figures 3 summarises the main results of this chapter and they compare the
corresponding assembly bias with that measured in the original (resolution compromised) simulation for
a range of choices for c¢. As reference values, we use the calibrations of large-scale, scale-independent
assembly bias from the Separate Universe (SU) technique presented in the previous chapter which take
as input the correlation between Gaussianized ¢ and standardised tidal anisotropy &. Besides being a
different approach to measuring halo bias, the SU calibrations are both very accurate and not limited
by box-size effects. The panels on the left show that, typically, the results in the original low-resolution
simulation show a smaller assembly bias signal than the SU reference. In contrast, our mock sampling
technique does not suffer from this drawback, since it is built using fitting functions that used well-resolved
haloes in high-resolution simulations to access low halo masses. The panels on the right show that our
mocks are clearly closer to the reference (SU) than are the original simulations, especially at low masses.
The mocks typically agree with the SU calibration to better than ~ 5% (~ 15%) for the middle (outer)
quartiles of all halo properties down to the 30 particle limit of the simulation. Additionally, for haloes
resolved with < 300 particles, the mocks substantially outperform the raw (resolution compromised)
measurements. Figures 3 demonstrates the power and accuracy of our mock making approach.

The thesis in summary, gives us reasons to approach or view the residual beyond mass dependence
of halo clustering on cosmic web environment as the primary driver of all the other correlations with
internal properties and discusses implications and applications of such an approach.

List of Publications
1. Mock halo catalogues: assigning unresolved halo properties using correlations with
local halo environment,
https://ui.adsabs.harvard.edu/abs/2021MNRAS.503.2053R,
S. Ramakrishnan, A. Paranjape, R. K. Sheth, MNRAS, 503, 2053,arXiv:2012.10170.
2. Separate Universe calibration of the dependence of halo bias on cosmic web anisotropy,
https://ui.adsabs.harvard.edu/abs/2020MNRAS.499.4418R,
S. Ramakrishnan, A. Paranjape, MNRAS, 499, 4418, arXiv:2007.03711.

3. Cosmic web anisotropy is the primary indicator of halo assembly bias,

https://ui.adsabs.harvard.edu/abs/2019MNRAS.489.2977R, S. Ramakrishnan, A.
Paranjape, O. Hahn, and R. K. Sheth, MNRAS, 489, 2977, arXiv:1903.02007.
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Computing Facility

The IUCAA Computing Facility continues to
offer state of the art computing hardware
and technology rich maobile work space for
IUCAA members, associates and visitors.
It also extends an array of specialized
High Performance Computing [HPC)
environments to the academic community
fortheirresearch.

The hardware and devices currently
managed by the computing facility include
about 340+ servers and desktops, 100+
laptops, 45+ printers and scanners, three
large High Performance Computing
Clusters and over 8 Pebibyte (PiB) of
storage, in addition to diverse equipment
deployed for an extensive, high throughput
wired and wireless campus-wide network.
The number of registered WiFi devices is
over 900 and e-mail accounts served by the
computing facility amount to nearly 700.

IUCAA provides e-mail services to its
members and associates, the total number
of accounts being nearly 700. IUCAA hasits
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 line from TATA
VSNL.

In the year April 2021- March 2022
emphasis was giventoimplementation of:

1) Archival storage for MALS:

The Meerkat Absorption Line Survey
(MALS], led by IUCAA scientists, is one of
the ten extensive surveys being carried
out with the MeerKAT telescope in South
Africa. The data will be transferred from
South Africa to IUCAA through tapes
(LTO7 or better) and will be processed
IUCAA by MALS team. The data for MALS
is segregated on three storages, hot
(fast), warm (intermediate] and cold
(slow). The warm storage acts as an
archival storage. We have procured and
installed 1PiB archival storage for MALS.

2) Wired LAN connectivity in Housing
colony

During the lockdown period, most of the
students, staff and faculty in the
housing colony have been working from
home. In order to facilitate this, we have
enhanced the coverage of wired LAN
connectivity in the housing colony. In
this project, we provided LAN
connectivity to Type-Il and Type-lll
quarters.

3) Procurement of 500 compute cores
for High Performance Computing
Cluster (Pegasus):

The Pegasus cluster deployed in 2019
consist of two login nodes, two graphics
nodes, 1920 compute cores, 2PiB PFS
storage. In the last two years, several
new users have been added and all
users are extensively using the cluster.
Currently, the average cluster utilisation
is more than 90%, resulting in a
considerable wait time for many jobs.
After looking at the usage trend, the
computer users committee approved
expansion of the Pegasus cluster by
adding 500 compute cores. The
procurement of the compute cores is in
process.

4) SupportforOnline INATexam

Due to the pandemic situation, the INAT
exam was conducted online through
M/s CondeTantra. CodeTrantra uses
third-eye technology to monitor all
candidates and records the activity of
candidates. We have provided support
in the procurement of the online
examination software and provided
required software environment to
transfer essential data from CodeTanra
to [UCAA.

5) Provisioning Wired and Wi-Fl Network
infrastructure

Considering pandemic situation stable
wired and Wi-fi connectivity was must
and on priority provisioning of fibre
connectivity along with Network

infrastructure is successfully carried
out for Type Il ,Type Ill quarters, TLC
Building, PKC office in SPPU Campus.

6) Upgradation of existing firewall:

IUCAA currently have SonicWall NSA
4600 UTM firewall configured in High
Availability with perpetual VPN license
for both IUCAA and LIGO netwaorks. It is
responsible for security of entire
campus network. Considering growing
network requirements and security
threats, upgradation of existing firewall
with a latest generation firewall with a
buy back option of existing one is
explored, procured and installed
successfully.

In order to facilitate work from home, to
increase the WiFi coverage and to improve
the stability of connectivity in IUCAA
premises, we have installed ruckus R720
(Qty - 7), ruckus H320 (Qty - 10] indoor
wireless access point, and ruckus T610 (Qty
- 7) outdoor wireless access point and also
relocated existing access points for better
coverage.

HP lasejet Colour M775 printer (Qty. 1), HP All
in one Desktop (Qty 30), HP Laptop (Qty. 12,
and MacBook Pro (Qty. 5) were acquired for
the academic community, visitors and
administrative officers.

The Computer Centre continues to provide
technical support to IUCAA associates,
project students as well as visitors from
universities and institutions within India and
abroad.

The Computing Facility employs 8
personnel, who carry out the daily
functions thatinclude:

1. Architecting overall IT solution /
technologies required for IUCAA and
present it to Computer Users'
Committee for their consensus.

2. Framing policy documents and
finalizing them in consultation with the
Computer Users' committee members.
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10.

11

1e.

13.

14.

Drawing up specification of the RFP
(Request For Proposal] tender
document for IUCAA IT required to be
purchased and oversee all purchases
related procedure and follow up.

Maintenance of IT hardware in the
campus including servers, desktops,
mobhile computing equipment, printers
etc.

Providing in-house design,
development and maintenance support
to the Administrative Office automation
software [(i0AS]) and IUCAA website.
(Designed web portals consisting online
application module for various
warkshops.]

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
firewallrules.

Administration of Ruckus wireless
network covering the entire office as
well as residential campus. Providing
end users support for Wi-Fi devices
such aslaptops, mohile devices.

Day to day administration of VMware
infrastructure and various servers
catering to Administration such as AD,
etc.

Maintenance of Video Caonferencing
equipmentand end user support.

Management of inventory of computer
center consumable items and Assets
and Furniture and its tracking.

Procurement of SSL certificates and
software for all the relevant web servers
atIUCAA.

End user service support to
Administrative staff, Academic
members, Visitors and Associates.

15. Infrastructure, managementand coding
support to IT intensive projects such as
Big Data, AstroSat, LIGO, MALS, SUIT etc.

16. Procurement, installation and periodic
upgradation of mathematical software
such as Matlah, IDL, Mathematica
meant for general IUCAA users and
clusterusers.

17. Hardware Maintenance and General
System Administration of clusters in
IUCAAin coordination with OEM.

18. Assisting Estate Department with Data
Center managementactivities.

19. Architecting new hardware solutions to
address operational needs.

High Performance Computing

IUCAA currently has three major
independent HPC clusters dedicated to
different applications, namely Pegasus,
SARATHIand VROOM.

The Pegasus Cluster is to serve the general
computing requirement of the astronomy
community associated with IUCAA. Ithas 60
compute nodes, each with 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 nodes equipped with
NVIDIA Tesla P100 GPU cards. The cluster is
attached to a 2 PiB parallel file system
(Lustre], which is capable of delivering 15
GBps throughput. Theoretical computing
speed of the Pegasus Clusteris 100 TF. The
Pegasus cluster has been utilized by about
70 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, Virgo
and KAGRA (LVK] / International
Gravitational-Wave Observatory Network
(IGWN], which includes many IUCAA
members and 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. The cluster has 2PiB PFS
storage with 30Gbps write and read (1:1)
throughput.

The Vroom cluster is used solely for the
MeerKAT Absorption Line Survey [MALS].
This cluster has 16 compute nodes (DELL)
which delivers 25 TF computing speed and
has a parallel file system (DDN] of 3.5 PiB
usable capacity attached toit.

HPC clusters listed in Top
Supercomputers in India

Sarathi Cluster Phase Ill, Pegasus Cluster,
and Sarathi Cluster Phase Il are listed at 25",
37" and 40" rank respectively in the list of
top Supercomputers in India published on
January 31, 2022. The listis maintained and
supported by CDAC's Terascale
Supercomputing Facility [CTSF), CDAC,
Bangalore. The list is available at
http://topsc.cdach.in/topsc.php/filterdetail
s?slug=January2022
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IUCAA High Performance
Computing clusters,
Perseus, Pegasus and Sarathi.

(Picture Credit: Mr. Shashank Tarape]

Chiller plant assembly
for IUCAA Datacentre.

[Picture Credit: Mr. Shashank Tarape]
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Power conditioning room
for IUCAA Datacentre with
UPS, battery banks

and control panels

(Picture Credit: Mr. Shashank Tarape]
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The IUCAA Library

The IUCAA library provides access to a
comprehensive collection of books and
journals in astronomy, astrophysics, and
related areas. In addition to the Springer
Physics and Astronomy eBook collection for
2021-22, comprising 390 titles, the library
purchased 177 publisher-specific eBooks,
ashelow.

Publisher Number of eBooks
Annual Reviews 02
De Gruyter 93
Institute of Physics 37
John Wiley and Sons 45

The library also renewed its subscription to
Grammarly Premium and the Overleaf
premium software. Further, the library
renewed its subscriptionto 78 journals.

In addition to the E-journal subscriptions,
the library continued to receive access to
the following seven e-resources courtesy of
E-Shodh Sindhu Consortium for Higher
Education Electronic Resources, MHRD,
Government of India:

The library deployed a middleware solution,
‘RemotLog,' to facilitate off-campus access
to the library subscribed e-resources. The
e-resources from the following publishers
have been accessed by users, including
Visiting Associates of IUCAA.

* American Association of Physics
Teachers

* American Institute of Physics American
Scientist

* Annual Review of Astronomy and
Astrophysics

» Applied Optics

* American Physical Society
e Cambridge University Press
» EDP Sciences

* Institute of Physics

* Institutional Repository

e Nature

* New Scientist

e Physics Today

e Physics Education
e Popular Science

e Science Direct

* Springer Nature
» Taylor and Francis

* |UCAA Institutional Repository Web of
Science

»  World Scientific

The E-Books and E-Journals usage during the year is depicted below:

The library team of five professionals
facilitated the following activities and
services:

1. Document Delivery Service for articles
and book chapters — fulfilled 273 article
requests from 144 users and 07 book
chapterrequests from 04 users.

2. The library processed 15 publication
chargerequests.

3. The library assisted four users in
ordering 15 books from their
contingency grant.

4. The library provided plagiarism reports
using Quriginal for research papers and
Ph.D.thesis.

5. The IUCAA library YouTube channel
presently has 207 videos with a
subscriber base of 6567 and 89581
views.

6. The library staff assisted the
Publications Section in the compilation
of the following content for the Annual
Report:

a)] Publications by I[UCAA Academics.

b] Publications by Visiting Associates
(along with Visitar Services).
c] Pedagogical.

d] IUCAA Centres for Astronomy
Research and Development
(ICARDs).
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RESEARCH BY  VISITING
ASSOCIATES

Gouri Ambika

Frequency chimera state induced by differing dynamical
timescales

We report the occurrence of a self-emerging frequency
chimera state in spatially extended systems of coupled
oscillators, where the coherence and incoherence are
defined with respect to the emergent frequency of
the oscillations. This is generated by the local
coupling among nonlinear oscillators evolving under
differing dynamical timescales starting from random
initial conditions. We show how they self-organize to
structured patterns with spatial domains of coherence
that are in frequency synchronization, coexisting with
domains that are incoherent in frequencies. Our study
has relevance in understanding such patterns observed
in real-world systems like neuronal systems, power
grids, social and ecological networks, where differing
dynamical timescales is natural and realistic among
the interacting systems. This work has been done in
Collabration with Sneha Kachhara.

Emergent Dynamics and Spatio temporal Patterns on
Multiplex Neuronal Networks

We present a study on the emergence of a variety
of spatio temporal patterns among neurons that
are connected in a multiplex framework, with
neurons on two layers with different functional
couplings. With the Hindmarsh-Rose model for the
dynamics of single neurons, we analyze the possible
patterns of dynamics in each layer separately and
report emergent patterns of activity like in-phase
synchronized oscillations and amplitude death (AD)
for excitatory coupling and anti-phase mixed-mode
oscillations (MMO) in multi-clusters with phase
regularities when the connections are inhibitory. When
they are multiplexed, with neurons of one layer coupled
with excitatory synaptic coupling and neurons of the
other layer coupled with inhibitory synaptic coupling,
we observe the transfer or selection of interesting
patterns of collective behavior between the layers. While
the revival of oscillations occurs in the layer with
excitatory coupling, the transition from anti-phase to
in-phase and vice versa is observed in the other layer
with inhibitory synaptic coupling. We also discuss how
the selection of these spatio temporal patterns can be

controlled by tuning the intralayer or interlayer coupling
strengths or increasing the range of non-local coupling.
With one layer having electrical coupling while the other
synaptic coupling of excitatory(inhibitory)type, we find
in-phase(anti-phase) synchronized patterns of activity
among neurons in both layers. This work has been done
in collaboration with Umesh Kumar Verma.

Sampurn Anand

Generating Seed magnetic field a la The Chiral

Biermann battery

Cosmological and astrophysical observations indicate
the presence of magnetic field over all scales. In order
to explain these magnetic fields, it is assumed that
there exists a seed magnetic field that gets amplified
by dynamos. These seed fields may have been produced
during inflation, at phase transitions, or some turbulent
phase of the early universe. One well-known mechanism
to get the seed field is the Biermann battery, which
was originally discussed in the context of generation
in an astrophysical object. Requirements for this
mechanism to work are (i) non-zero gradient of the
electron number density and pressure, (ii) they are
non-parallel to each other. In the present article,
we propose a similar mechanism to generate the
seed field but in inhomogeneous chiral plasma. Our
mechanism works, in presence of chiral anomaly, by the
virtue of inhomogeneity in the chiral chemical potential
and temperature. We will discuss various scenarios
where inhomogeneities in the chemical potential and
temperature can arise. We found that, depending on the
epoch of generation, the strength of the seed magnetic
fields varies from a few nano-Gauss (nG) to a few
hundred nG. This work has been done in collaboration
with Arun Pandey.

Tanwi Bandyopadhyay

Accretions of Tsallis, Renyi and Sharma-Mittal dark
energies onto (n+2)-dimensional Schwarzschild black
hole and Morris- Thorne wormhole

We study the dark energy accretion phenomena onto
(n + 2)-dimensional Schwarzschild black hole and
(n + 2)-dimensional Morris-Thorne wormhole.  We
obtain the (n + 2)-dimensional Schwarzschild black hole
mass and (n + 2)-dimensional Morris-Thorne wormhole
mass and their rate of change of masses due to
accretion. For the dark energy component, we consider
Tsallis, modified Rényi and ‘modified’ Sharma-Mittal
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holographic dark energy (HDE) and new agegraphic
dark energy (NADE). We also find the black hole
mass and the wormhole mass in terms of redshift
when cold dark matter and the specified forms of dark
energies accrete onto them. In most the cases, the
black hole mass increases, and wormhole mass decreases
for HDE and NADE accretions. The only exception
is the Sharma-Mittal NADE, where the black hole
mass decreases and wormhole mass increases during
the evolution of the Universe. However, the slope of
increasing/decreasing mass significantly depends on the
dimension in almost all cases.This work has been done
in collaboration with Ujjal Debnath.

Arunima Banerjee

HI 21 ¢m observation and mass models of the extremely
thin galaxy FGC 1440

We present observations and models of the kinematics
and distribution of neutral hydrogen (HI) in the
superthin galaxy FGC 1440 with an optical axial ratio
a/b = 20.4. Using the Giant Meterwave Radio
telescope (GMRT), we imaged the galaxy with a spectral
resolution of 1.7 kms™! and a spatial resolution of 15.9”
13.57.  We find that FGC 1440 has an asymptotic
rotational velocity of 141.8 kms~!. The structure of
the H I disc in FGC 1440 is that of a typical thin disc
warped along the line of sight, but we cannot rule out
the presence of a central thick HI disc. We find that
the dark matter halo in FGC 1440 could be modelled
by a pseudo-isothermal (PIS) profile with R./Ry < 2,
where R, is the core radius of the PIS halo and Rd the
exponential stellar disc scale length. We note that in
spite of the unusually large axial ratio of FGC 1440,
the ratio of the rotational velocity to stellar vertical
velocity dispersion, Viot/0, ~ 58 , which is comparable
to other superthins. Interestingly, unlike previously
studied superthin galaxies which are outliers in the
log10(j*) — loglO(Mx) relation for ordinary bulgeless
disc galaxies, FGC 1440 is found to comply with the
same. The values of j for the stars, gas, and the
baryons in FGC 1440 are consistent with those of normal
spiral galaxies with similar mass. This work has been
done in collaboration with K. Aditya, Peter Kamphuis,
Sviatoslav Borisov, Aleksandr Mosenkov, Aleksandra
Antipova, and Dmitry Makarov.

Indrani Banerjee

Looking  for extra dimensions in the observed

quasi-periodic oscillations of black holes

Quasi-periodic oscillations, often present in the power
density spectrum of accretion disk around black holes,
are useful probes for the understanding of gravitational
interaction in the near-horizon regime of black holes.
Since the presence of an extra spatial dimension modifies
the near horizon geometry of black holes, it is expected
that the study of these quasi-periodic oscillations may
shed some light on the possible existence of these
extra dimensions. Intriguingly, most of the extra
dimensional models, which are of significant interest
to the scientific community, predicts the existence of a
tidal charge parameter in black hole spacetimes. This
tidal charge parameter can have an overall negative sign
and is a distinctive signature of the extra dimensions.
Motivated by this, we have studied the quasi-periodic
oscillations for a rotating braneworld black hole using
the available theoretical models. Subsequently, we have
used the observations of the quasi-periodic oscillations
from available black hole sources, e.g., GRO J1655-40,
XTE J1550-564, GRS 1915 + 105, H 1743 + 322 and Sgr
A* and have compared them with the predictions from
the relevant theoretical models, in order to estimate the
tidal charge parameter. It turns out that among the 11
theoretical models considered here, 8 of them predict a
negative value for the tidal charge parameter, while for
the others negative values of the tidal charge parameter
are also well within the 1-0 confidence interval. This
work has been done in collaboration with Sumanta
Chakraborty and Soumitra SenGupta.

Critical analysis of modulus stabilization in a higher
dimensional F(R) gravity

An exact solution for the bulk five-dimensional geometry
is derived for F(R) gravity with nonflat de Sitter
3-branes located at the My x Z, orbifold boundaries.
The corresponding form of F(R) that leads to such an
exact solution of the bulk metric is derived, which turns
out to have all positive integer powers of R. In such
a scenario, the stability issue of the modulus (radion
field) is analyzed critically for different curvature epochs
in both Einstein and Jordan frames. The radion in
the effective 4D theory exhibits a phantom epoch,
making this model viable for a nonsingular bounce.
Simultaneous resolution of the gauge-hierarchy problem
is exhibited through the resulting stable value of the
radion field in the effective 3+1-dimensional theory.
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This work has been done in collaboration with Tanmoy
Paul and Soumitra SenGupta.

Aru Beri

The evolving radio jet from the neutron star X-ray
binary 4U 1820-30

The persistently bright ultra-compact neutron star
low-mass X-ray binary 4U 1820-30 displays a ~170 d
accretion cycle, evolving between phases of high and low
X-ray modes, where the 3-10 keV X-ray flux changes
by a factor of up to 8. The source is generally in
a soft X-ray spectral state, but may transition to a
harder state in the low X-ray mode. Here, we present
new and archival radio observations of 4U 1820-30
during its high and low X-ray modes. For radio
observations taken within a low mode, we observed
a flat radio spectrum consistent with 4U 1820-30
launching a compact radio jet. However, during the
high X-ray modes the compact jet was quenched and the
radio spectrum was steep, consistent with optically-thin
synchrotron emission. The jet emission appeared to
transition at an X-ray luminosity of Lx(3-10 keV)~
3.5x10%7(D/7.6kpc)%erg s™'.  We also find that the
low-state radio spectrum appeared consistent regardless
of X-ray hardness, implying a connection between jet
quenching and mass accretion rate in 4U 1820-30,
possibly related to the properties of the inner accretion
disk or boundary layer. This work has been done in
collaboration with T. D. Russell, N. Degenaar, J. van
den Eijnden, et al.

Thermonuclear X-ray bursts from LMXB 4U 1636-536
observed with AstroSat

We report results obtained from the study of 12
thermonuclear X-ray bursts in 6 AstroSat observations
of a neutron star X-ray binary and well-known
X-ray burster, 4U 1636-536. Burst oscillations at
~581 Hz are observed with 4-50 confidence in
three of these X-ray bursts. The rising phase burst
oscillations show a decreasing trend of the fractional
rms amplitude at 3o confidence, by far the strongest
evidence of thermonuclear flame spreading observed
with AstroSat. During the initial 0.25 second of the rise
a very high value (34.04+6.7%) is observed. The concave
shape of the fractional amplitude profile provides a
strong evidence of latitude-dependent flame speeds,
possibly due to the effects of the Coriolis force. We
observe decay phase oscillations with amplitudes
comparable to that observed during the rising phase,

plausibly due to the combined effect of both surface
modes as well as the cooling wake. The Doppler shifts
due to the rapid rotation of the neutron star might cause
hard pulses to precede the soft pulses, resulting in a soft
lag. The distance to the source estimated using the PRE
bursts is consistent with the known value of ~ 6 kpc.
This work has been done in collaboration with Pinaki
Roy and Aditya S. Mondal.

Piyali Bhar

Charged gravastar model in f(T) gravity admitting
conformal motion

In this paper, model of charged gravastar under f(7T)
modified gravity is obtained. The model has been
explored by taking the diagonal tetrad field of static
spacetime together with electric charge. To solve
the Einstein-Maxwell field equations, along with f(T)
gravity, we assume the existence of a conformal Killing
vector which relates between geometry and matter
through the Einstein-Maxwell field equations by an
inheritance symmetry. We study several cases of interest
to explore physically valid features of the solutions.
Some physical properties of the model are discussed
and we match our interior spacetime to the exterior
ReissnerNordstrom spacetime in presence of thin shell.
This work has been done in collaboration with Pramit
Rej.

Relativistic compact stars in Tolman spacetime via an
anisotropic approach

In this present work, we have obtained a singularity-free
spherically symmetric stellar model with anisotropic
pressure in the background of Einsteins general theory
of relativity. The Einsteins field equations have been
solved by exploiting Tolman ansatz|[Richard C Tolman,
Phys.  Rev.  55:364, 1939] in (3+1)-dimensional
space-time. Using observed values of mass and radius of
the compact star PSR J1903+4327, we have calculated
the numerical values of all the constants from the
boundary conditions. All the physical characteristics
of the proposed model have been discussed both
analytically and graphically. The new exact solution
satisfies all the physical criteria for a realistic compact
star. ~ The matter variables are regular and well
behaved throughout the stellar structure. Constraints
on model parameters have been obtained. All the
energy conditions are verified with the help of graphical
representation. The stability condition of the present
model has been described through different testings.
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This work has been done in collaboration with Pramit
Rej, P. Mafa Takisa and M. Zubair

Naseer I. Bhat

Model-independent redshift estimation of BL Lac objects
through very high energy observations

The very-high-energy (VHE) gamma-ray spectral
indices of blazars show a strong correlation with
the source redshift. The absence of any such
correlation in low-energy gamma-rays and X-rays
indicates the presence of extragalactic background light
(EBL)-induced absorption of VHE gamma-rays. By
employing a linear regression analysis, this observational
feature of blazars is used to constrain the redshifts of
BL Lac objects that were unknown/uncertain earlier.
In addition, we compare the observed VHE spectral
indexredshift correlation with those predicted from
commonly adopted EBL models. Our study highlights
the deviation of EBLmodel-based predictions from
observations, especially at high redshifts. This work has
been done in collaboration with Zahoor Malik,Sundar
Sahayanathan , Zahir shah,Aqqib Manzoor, and Nilay
Bhat,

Subhra Bhattacharya

Revisiting the evolving Lorentzian wormhole: a general
perspective

Wormbholes can be described as geometrical structures
in space and time that can serve as connection between
distant regions of the universe. Mathematically, general
wormholes can be defined both on stationary as well
as on dynamic line elements. However, general
relativistic and evolving Lorentzian wormholes are
less studied than their static wormhole counterpart.
Accordingly, in this work we shall focus on some
evolving wormhole geometries. Starting from a general
class of spherically symmetric line element supporting
wormhole geometries, we shall use the Einstein’s field
equations to develop viable astatic wormhole solutions.
We will also discuss various evolving wormhole solutions
together with their physical significance, properties
and throat energy conditions. We claim that the
method discussed in this work shall be applicable for
developing wormhole solutions corresponding to any
general Lorentzian wormhole metric. This work has
been done in collaboration with Tanwi Bandyopadhyay.

Ritabrata Biswas

Viscous dark energy accretion activities : sonic speed,
angular momentum and Mach number studies.

In this present article, we study different accretion
properties regarding viscous accretion of dark energy.
Modified Chaplygin gas is chosen as the dark energy
candidate. Viscosity is encountered with the help of
ShakuraSunyaev viscosity parameter. We study sonic
speed vs radial distance curves. We compare between
adiabatic and dark energy dominated cases and follow
that sonic speed falls as we go nearer to the central
gravitating object. As viscosity is imposed, a threshold
drop in accretion sonic speed is followed. Average rate
of fall in accretion sonic speed is increased with black
holes spin. This is signifying that this kind of accretion
is weakening the overall matter/energy infall. Specific
angular momentum to Keplerian angular momentum
ratio is found to fall as we go far from the black hole.
Accretion Mach number turns high as we go towards the
inner region and high wind Mach number is not allowed
as we are going out. Combining, we conclude that the
system weakens the feeding process of accretion. This
work has been done in collaboration with Sandip Dutta,
Promila Biswas.

Thermodynamic and geometrothermodynamic studies of
charged black holes sitting in string theory: Stability
analysis.

A particular type of charged black holes is chosen,
based on an action obtained from string theory.
This theory predicts the existence of such black
holes. Thermodynamic properties of such kinds of
black holes are studied. As conjectured earlier,
for the dilaton-Maxwell field coupling constant a =
0, the behaviors of the thermodynamic parameters
(T, S, F, H and G) are found to resemble with
those of the ReissnerNordstrm black hole. The
geometrothermodynamics of the aforesaid black hole is
studied and the Ricci scalar of the Ruppeiner metric
is graphically examined for different values of the
parameter a. Finally, the parameters as well as the
P-V criticality with different equations for nonzero
values of a are analyzed. Their deviations from the
case of ReissnerNordstrm black hole are noted with
care. Furthermore, the stability of the black hole is
studied by computing the specific heat and analyzing
it graphically. This work has been done in collaboration
with Amritendu Haldar,and Buddhadeb Ghosh

128



"ANNUAL
REPORT
2021-22

Koushik Chakraborty

Study of compact object with anisotropic matter
distribution  to  follow a linear pressure-density
relationship

We present a model of compact astrophysical object
under General Theory of Relativity using the anisotropic
extension of Tolman IV solution. The anisotropy
function, derived from the model, remains well behaved
throughout the interior of the star. The model satises
several necessary con ditions for a physically realistic
compact star. Physical viability of the model is veried
specically by plugging in the estimated parameter values
of the Low Mass X-ray Binary (LMXB) candidate
4U 160852. Our stability analysis of this star, by
using various criteria for stability, provides satisfactory
results. In connection to anisotropy, we compute the
Tidal Love Number (TLN) for the compact stellar
model and compare the calculated values with existing
literature. This work has been done in collaboration
with Shyam Das, Lipi Baskey, and Saibal Ray.

Subenoy Chakraborty
Is warm inflation quasi-stable

The present work deals with a mnon-equilibrium
thermodynamics that is associated with the scenario
of warm inflation. The premise is that an adiabatic
radiation production process holds exactly i.e. the
radiation dilution is exactly counterbalanced by a
dissipation term. Under this hypothesis, it is found
that radiation particle number, temperature, radiation
energy density and pressure are all conserved -
a contradiction to the very nature of the warm
inflation dynamics. However, such exact adiabatic
radiation production process never happens in any
realistic analysis of warm inflation. In the slow
roll approximation this holds at best at the zeroth
order. Finally it is shown that a variable cosmological
constant may accommodate the quasi-stable process
in warm inflation with non-equilibrium thermodynamic
description. This work has been done in collaboration
with Akash Bose.

Quantum cosmology with symmetry analysis for quintom
dark energy model

Quantum cosmology with quintom dark energy model
has been investigated in the present work using
symmetry analysis of the underlying physical system.
In the background of the flat FLRW model quintom

cosmological model has been studied using Noether
symmetry and appropriate conserved charge is obtained.
The Wheeler-DeWitt (WD) equation is constructed
on the minisuperspace and solutions are obtained
using conserved charge. This work has been done
in collaboration with Sourav Dutta, and Muthusamy
Lakshmanan.

Nand K. Chakradhari

A type Ia Supernova explosion similar to Super
Chandrasekhar event

We present optical photometric and spectroscopic
studies of type la supernova PSN J0910 + 5003 in
UGC 4812. The observations range from -10
to +114 d relative to maximum light in B band
(JD = 245 7347.0 + 0.6). PSN J0910 + 5003
exhibits properties similar to the super-Chandrasekhar
/ 09dclike SNe Ia. Compared to the normal SNe
ITa, its light curves are very broad. The decline rate
parameter is estimated as Ami5(B)true = 0.70 £ 0.05
similar to the values obtained for most 09dc-like SNe
Ia, e.g., 2006gz/09dc/07if and ASASSN-15pz. The
absolute magnitudes at maximum in B and V bands
are estimated as —19.44 + 0.20 mag and —19.48 4+ 0.20
mag, respectively. From the peak bolometric luminosity
(log Lax = 43.25 + 0.06 erg/s), the mass of 5°Ni
synthesized in the explosion is estimated as 0.64 4+ 0.09
Mg. Early spectra of PSN J0910+5003 closely match
with those of 09dc-like SNe Ta. The C1I lines usually
seen in super-Chandrasekhar events are also detected.
Photospheric velocity evolution of PSN J0910+45003 is
similar to SN 2006gz. This is a collaborative work of
Shrutika Tiwari, D.K. Sahu and G. C. Anupama.

Study of chemically peculiar stars - I. High-resolution
spectroscopy and K2 photometry of Am stars in the
region of M4/

We present a study based on the high-resolution
spectroscopy and K2 space photometry of five
chemically peculiar stars in the region of the open cluster
M44. The analysis of the high-precision photometric
K2 data reveals that the light variations in HD7 3045
and HD 76310 are rotational in nature and caused
by spots or cloud-like co-rotating structures, which
are non-stationary and short-lived. The time-resolved
radial velocity measurements, in combination with the
K2 photometry, confirm that HD73045 does not show
any periodic variability on time-scales shorter than
1.3d, contrary to previous reports in the literature.
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In addition to these new rotational variables, we
discovered a new heartbeat system, HD 73619, where no
pulsational signatures are seen. The spectroscopic and
spectropolarimetric analyses indicate that HD 73619
belongs to the peculiar Am class, with either a weak
or no magnetic field, considering the 200-G detection
limit of our study. The least-squares deconvolution
profiles for HD76310 indicate a complex structure in
its spectra, suggesting that this star is either part of
a binary system or surrounded by a cloud shell. When
placed in the HertzsprungRussell diagram, all studied
stars are evolved from the main sequence and situated
in the § Scuti instability strip. This work is relevant
for further detailed studies of chemically peculiar stars,
for example on inhomogeneities (including spots) in
the absence of magnetic fields and the origin of the
pulsational variability in heartbeat systems. This work
was carried out in collaboration with Santosh Joshi,
Otto Trust, et al.

Hum Chand

A comparative study of the physical properties for a
representative sample of Narrow and Broad-line Seyfert
galazies

We present a comparative study of the physical
properties of a homogeneous sample of 144 Narrow
line Seyfert 1 (NLSyl) and 117 Broad-line Seyfert 1
(BLSy1) galaxies. These two samples are in a similar
luminosity and redshift range and have optical spectra
available in the 16" data release of Sloan Digital
Sky Survey (SDSS-DR16) and X-ray spectra in either
XMM-NEWTON or ROSAT. Direct correlation analysis
and a Principal Component Analysis (PCA) have
been performed using ten observational and physical
parameters obtained by fitting the optical spectra and
the soft X-ray photon indices as another parameter. We
confirm that the established correlations for the general
quasar population hold for both types of galaxies in
this sample despite significant differences in the physical
properties.  We characterize the sample also using
the line shape parameters, namely the asymmetry and
kurtosis indices. We find that the fraction of NLSyl
galaxies showing outflow signatures, characterized by
blue asymmetries, is higher by a factor of about
3 compared to the corresponding fraction in BLSyl
galaxies. The presence of high iron content in the
broad-line region of NLSy1 galaxies in conjunction with
higher Eddington ratios can be the possible reason
behind this phenomenon. We also explore the possibility

of using asymmetry in the emission lines as a tracer
of outflows in the inner regions of Active Galactic
Nuclei. The PCA results point to the NLSyl and
BLSyl galaxies occupying different parameter spaces,
which challenges the notion that NLSyl galaxies are a
subclass of BLSy1 galaxies. This work has been done in
collaboration with Vivek K. Jha,Vineet Ojha, Amitesh
Omar and Shantanu Rastogi.

Constraining the ratio of median pizel optical depth
profile around z ~ 4 quasars using the longitudinal
prozimity effect

We present a detailed study of the longitudinal
proximity effect using a sample of 85 quasars spanning
an emission redshift range of 3.5 < =z, < 4.5
and Lyman continuum luminosity (Lgi2) ranging from
1.06x103 to 2.24x10%2 erg s~! Hz='. We use the
high-quality spectra of these quasars obtained at a
spectral resolution of R ~ 5100 and S/N ~ 30
using X-SHOOTER spectrograph mounted on the Very
Large Telescope (VLT). In our analysis, we compared
the transmitted flux and pixel optical depth of the
absorption originating from the vicinity of quasars to
those from the general intergalactic medium by using
a redshift matched control sample. The longitudinal
proximity effect is found up to r < 12 Mpc (proper) from
quasars. By appropriately scaling up the pixel optical
depth in the vicinity of quasars to account for the excess
ionization by quasars, we constrain the ratio of median
optical depth in the vicinity of the quasar to that of the
IGM (R,(r)). The R,(r) is found to be significantly
higher than unity up to 6 Mpc from the quasar with
a typical radial profile of the form R, (r) = 1+ A x
exp(—r/rg) with A = 9.16 + 0.68 and ro = 1.27 £+ 0.08
Mpc. The integrated value of the scaled pixel optical
depth over the radial bin of 0-6 Mpc is found to be
higher by a factor of 2.55 £ 0.17 than the corresponding
integrated value of the median pixel optical depth of the
IGM. We also found R, (7) to be luminosity dependent.
This work has been done in collaboration with Priyanka
Jalan, Raghunatha Srianand.

Ramesh Chandra

Filament eruption driving EUV Loop contraction and
then expansion above a stable filament

We analyze the observations of EUV loop evolution
associated with the filament eruption located at
the border of an active region (AR). The event
SOL2013-03-16T14:00 was observed with a large
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difference in view point by the Solar Dynamics
Observatory  and  Solar  Terrestrial ~ Relations
Observatory. The filament height is fitted with
the sum of a linear and exponential function. These
two phases point to different physical mechanisms
such as tethercutting reconnection and a magnetic
instability. ~ While no X-ray emission is reported,
this event presents classical eruption features like
separation of double ribbons and the growth of flare
loops. We report the migration of the southern foot of
the erupting filament flux rope due to the interchange
reconnection with encountered magnetic loops of a
neighboring AR. Parallel to the erupting filament, a
stable filament remains in the core of the AR. The
specificity of this eruption is that coronal loops, located
above the nearly joining ends of the two filaments,
first contract in phase, then expand and reach a new
stable configuration close to the one present at the
eruption onset. Both contraction and expansion phases
last around 20 minutes. The main difference with
previous cases is that the PIL bent about 180 around
the end of the erupting filament because the magnetic
configuration is at least tripolar. These observations are
challenging for models that interpreted previous cases
of loop contraction within a bipolar configuration. New
simulations are required to broaden the complexity of
the configurations studied. This work has been done in
collaboration with P. Demoulin, P. Devi, R. Joshi, and
B. Schmieder.

Fine Structures of an EUV  Wave
Multi-viewpoint Observations

Event  from

In this study, we investigate an extreme ultraviolet
(EUV) wave event on 2010 February 11, which
occurred as a limb event from the Earth viewpoint
and a disk event from the Solar Terrestrial Relations
Observatory-Behind viewpoint. We use the data
obtained by the Atmospheric Imaging Assembly on
board the Solar Dynamics Observatory in various EUV
channels. The EUV wave event was launched by a
partial prominence eruption. Compared with some
EUV wave events in previous works, this EUV wave
event contains a faster wave with a speed of ~445 A
+ 6 km s~!, which we call a coronal Moreton wave,
and a slower wave with a speed of ~298 A + 5 km
57!, which we call the Extreme Ultraviolet Imaging
Telescope (EIT) wave. The coronal Moreton wave is
identified as a fast-mode wave and the EIT wave is
identified as an apparent propagation due to successive
field-line stretching. We also observe a stationary

front associated with the fast-mode EUV wave. This
stationary front is explained as mode conversion This
work has been done in collaboration with P. F. Chen,
P. Devi, R. Joshi, B. Schmieder, Y. J. Moon,and W.
Uddin.

Suresh Chandra

Investigation of hydrogen peroxide (H2Oz) in the
interstellar medium

In view of the important role of hydrogen peroxide
(H20O2) in the chemistry of ozone layer in troposphere,
and as an oxidizer on the planet Mars, its investigation
has been carried out from time to time. It has been
detected in the cold environment of a star-forming
region towards p Oph A. Following the selection rules,
in the ground vibrational state, its ro-torsional levels
may be classified into four distinct groups. Using the
spectroscopic information (rotational and centrifugal
distortion constants, and electric dipole moment), we
have calculated energies of the lower 50 levels of each
group, and the radiative transition probabilities for the
transitions between the levels. Using these radiative
transition probabilities along with the collisional rate
coefficients (obtained with the help of a scaling law)
we have solved, for each group, a set of 50 statistical
equilibrium equations coupled with the equations of
radiative transfer and have found 16 lines showing
anomalous absorption. In addition to 4 detected lines,
24 lines are found to show emission feature. All these
lines may play a significant role for the identification of
H50O5 in the interstellar medium.

Suggestion  for the search of diisocyanomethane
(CNCHyNC) in the cosmic object: Potential spectral
lines

Finding several molecules having cyanide group (-C=N)
and isocyanide group (-N=C), scientists searching
for life in the wuniverse, are interested in the
molecules having two cyanide or isocyanide groups.
Diisocyanomethane (CNCH3;NC) having two isocyano
groups is an interesting candidate for the astronomers,
though it has not been detected in any cosmic object.
However, three organic isocyanides (HNC, CH3NC,
HCCNC) have been found in the interstellar medium
(ISM). Submillimeter wave spectrum of CNCHyNC is
analyzed by spectroscopists, so that it could be searched
in the ISM. For searching CNCH3;NC in a cosmic
object, information about its strong spectral lines is
essentially required. For that, in our investigation,
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the rotational levels of CNCH5NC can be classified
into two species. The energies of lower 250 rotational
levels up to 108 cm™', in the ground vibrational
state, and the radiative transition probabilities for
rotational transitions in each species are calculated by
using the values of rotational and centrifugal distortion
constants along with the electric dipole moment. A
set of statistical equilibrium equations coupled with
the equations of radiative transfer is solved by using
the radiative transition probabilities and the scaled
values of collisional rate coefficients as input data. For
each species, we have found two transitions showing
emission feature and four transitions showing anomalous
absorption. These 12 transitions may help in the
detection of CNCH3NC in a cosmic object.

Surajit Chattopadhyay

The barrow holographic dark energy based reconstruction
of f(R) gravity and cosmology with Nojiri-Odintsov
cutoff

In the work, carried out with Amrita Sarkar, we
have considered Barrow holographic dark energy
(BHDE) proposed in Phys. Rev. D 102, 123525
(2020) as a special case of more generalized version
of Nojiri-Odintsov holographic dark energy (NHDE)
proposed in General Relativity and Gravitation, 38(8),
pp.1285-1304 and also reconstructed f(R) gravity with
BHDE as the form of background evolution. We
have demonstrated a reconstruction scheme for Barrow
holographic dark energy considering power-law form of
scale factor. Considering the fact that the Barrow
holographic dark energy (BHDE) possesses usual
holographic dark energy as a limit in the A = 0 case
we have attempted to demonstrate its reconstruction
scheme in non-interacting scenario for A # 0. We have
derived an expression for the reconstructed equation
of state parameter by reconstructing the pressure of
CR2A-D

ho s
where Ry, is the future event horizon satisfying R;, =
HRj,—1. The reconstructed pressure has been presented
and plotted. It has been apparent that in case of
non-interacting Barrow HDE, the reconstructed pp
significantly depends upon A. With increase in A
between 0 and 1, negative pressure pp has been found
to be increasing. However as A — 0, the reconstructed
pp =~ 0 and for A — 1 the reconstructed pp has been
found to be negative. With evolution of universe i.e
with increase of ¢, pp has been been found to be having
an increasing pattern. It has also been observed that

BHDE, whose density is given by pp =

with increase in A, the magnitude of pp tends to be
negative. Subsequently, the reconstructed EoS wp has
been obtained. It has been observed that in the case of
BHDE reconstructed f(R) gravity the equation of state
can have a transition from quintessence to phantom.
In a particular case of reconstruction, possibility of
Little Rip singularity has been observed. Finally, the
generalized second law of thermodynamics has been
found to be valid under this reconstruction scheme.
This work has been done in Collaboration with Amrita
Sarkar.

Viscous generalised Chaplygin Gas under the purview
of f(T) gravity and the model assessment through
probabilistic information theory

In this study, carried out with Sanghati Saha, we
have demonstrated a reconstruction scheme for GCG
in viscous as well as non viscous cases. In both the
cases the GCG has been considered to be interacting
with pressureless dark matter with interaction term @
proportional to p. and p,, in non-viscous and viscous
cases respectively. The bulk viscous pressure II has
been chosen as a function of Hubble parameter H in
the form IT = —3HE. The conservation equation has
been reframed according to the choice of interaction
term ad II and the reconstructed p., the density of
GCG has been obtained for non-viscous and viscous
scenarios. Firstly, we attempted to reconstruct GCG
in an interacting scenario and without introducing bulk
viscosity. Furthermore, in the first case, i.e. non-viscous
interacting scenario, we do not stick to any specific
choice of scale factor. Instead, by taking interaction
term Q = —3Hdp,. we reframe the conservation equation
with the scale factor a as the independent variable and
solve this differential equation for p.. The reconstructed
pe and the reconstructed EoS parameter are plotted
against redshift z = ¢! —1 and it that the reconstructed
w, is crossing the phantom boundary at z = —0.09.
In the above two figures, the choice of the parameters
are ppo = 0.32, a = 0.09, a9 = 0.32. Moreover,
B = 16 and C; = 1. The blue, orange and green
lines correspond to 6 = 0.08, 0.06 and 0.04 respectively.
It is observed that for higher values of § the phantom
boundary is crossed earlier than that for the lower
values. Finally, the model is identified as quintom.
Finally, we have explored the model through statistical
analysis of Observational H(z) Data From Luminous
Red Galaxies of Sloan Digital Sky Survey Data Release
Seven (SDSS DR7). Through Hypothesis testing we
have generated a functional relationship between H and
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z and we have observed that the reconstructed EoS
parameter has a strong correlation with z and H(z).
Using scatter plot matrix we have demonstrated the
relationship between the reconstructed EoS parameter
and (z, H(z)). Best fit linear and non-linear regressions
and the residuals have been pictorially demonstrated
and it has been observed that the residuals do not
follow normal distribution. With this indication of
departure from symmetry we have incorporated entropy
maximization principles to quantify the uncertainty in
terms of Shannon entropy. This approach has revealed
that the degree of uncertainty is reducing with the
evolution of the universe. It has further shown that the
reconstructed viscous GCG in f(T') gravity framework
can work as an unifying model for early and late time
universe. This results has further been supplemented by
clustering through Gaussian Mixture Model.

Bhag Chand Chauhan

Scalar Dark Matter in As based texture one-zero
neutrino mass model within Inverse Seesaw Mechanism

In this paper, we present a model based on Ay
discrete flavor symmetry implementing inverse and
type-II seesaw mechanisms to have LHC accessible
TeV scale right-handed neutrino mass and texture
one-zero in the resulting Majorana neutrino mass
matrix, respectively. We investigate neutrino and dark
matter sectors of the model. Non-Abelian discrete
A, symmetry spontaneously breaks into Zs subgroup
and hence provide stable dark matter candidate. To
constrain the Yukawa Lagrangian of our model, we
imposed Z}, Z3 and Z4 cyclic symmetries in addition
to the A, flavor symmetry. In this work we used the
recently updated data on cosmological parameters from
PLANCK 2018. For the dark matter candidate mass
around 45 GeV-55 GeV, we obtain the mediator particle
mass(right-handed neutrinos) ranging from 138 GeV to
155 GeV. The Yukawa couplings is found to be in the
range 0.995-1 to have observed relic abundance of dark
matter. We, further, obtain inverse (X = £ °n) and
type-I1 (X/ = fiva,) seesaw contributions to O0vgS
decay amplitude |M..|, while model being consistent
with low energy experimental constraints. In particular,
we emphasize that type-II seesaw contribution to |M..|
is large as compared to inverse seesaw contribution for
normally ordered(NO) neutrino masses. This work has
been done in collaboration with Rishu Verma, Monal
Kashav,and Surender Verma.

Scotogenesis in hybrid textures of neutrino mass matriz
and neutrinoless double beta decay

We study the connection between dark matter (DM) and
neutrinoless double beta (0v33) decay in a scotogenic
model with hybrid texture in the neutrino mass matrix.
Characteristically, the framework allows to write all the
non-zero elements of the mass matrix proportional to
effective Majorana mass [M.|. The overall scale of
the neutrino mass is found to be governed by non-zero
|[Mee|. We have obtained interesting correlations of
relic density of DM (QAh?) with DM mass M; and |M,.|.
Using experimental value of DM relic density(Qh?), the
DM mass Mj, is found to be O(1TeV) which is within
reach of collider experiments. Specifically, for all five
hybrid textures, the range of upper bound on DM mass
M is found to be (2.27-5.31)TeV. Another interesting
feature of the model is the existence of lower bound on
|M..| for all allowed hybrid textures except texture T}
which can be probed in current and future Ov3( decay
experiments. With high sensitivities, these experiments
shall establish the theoretical status of the proposed
model. For example, the non-observation of Ov33 decay
down to the sensitivity O0(0.03)eV will refute T5 hybrid
texture. This work has been done in collaboration with
Ankush, Monal Kashav, and Surender Verma

Himadri S. Das

The relative orientation between local magnetic eld and
Galactic plane in low latitude dark clouds

In this work, we study the magnetic field morphology
of selected star-forming clouds spread over the galactic
latitude (b) range, —10° to 10°. The polarimetric
observation of clouds CB24, CB27 and CBI188 are
conducted to study the magnetic field geometry of those
clouds using the 104-cm Sampurnanand Telescope (ST)
located at ARIES, Manora Peak, Nainital, India. These
observations are combined with those of 14 further low
latitude clouds available in the literature. Most of
these clouds are located within a distance range 140 to
500 pc except for CB3 (~2500 pc), CB34 (~1500 pc),
CB39 (~1500 pc) and CB60 (~1500 pc). Analyzing
the polarimetric data of 17 clouds, we find that the
alignment between the envelope magnetic field (09"")
and Galactic plane (gp) of the low-latitude clouds
varies with their galactic longitudes (I). We observe
a strong correlation between the longitude (I) and the
offset (6orr = |03 — Ocp|) which shows that 05" is
parallel to the Galactic plane (GP) when the clouds are
situated in the region, 115° < I < 250°. However, 03"
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has its own local deflection irrespective of the orientation
of 0ap when the clouds are at [ < 100° and [ > 250°.
To check the consistency of our results, the stellar
polarization data available at Heiles (2000) catalogue
are overlaid on DSS image of the clouds having mean
polarization vector of field stars. The results are almost
consistent with the Heiles data. A systematic discussion
is presented in the paper. The effect of turbulence of
the cloud is also studied which may play an important
role in causing the misalignment phenomenon observed
between 02" and 0gp. We have used Herschel* SPIRE
500 pm and SCUBA 850 pum dust continuum emission
maps in our work to understand the density structure
of the clouds. This work has been done in collaboration
with A. M. Mazarbhuiya, and P. Halder.

Shyam Das

Anisotropic  compact  stars: Constraining model
parameters to account for physical features of tidal Love
numbers

In this paper, we develop a new class of models for a
compact star with anisotropic stresses inside the matter
distribution. By assuming a linear equation of state for
the anisotropic matter composition of the star we solve
the Einstein field equations. In our approach, for the
interior solutions we use a particular form of the ansatz
for the metric function grr . The exterior solution
is assumed as the Schwarzschild metric and is joined
with the interior metric obtained across the boundary
of the star. These matching of the metrices along with
the condition of the vanishing radial pressure at the
boundary lead us to determine the model parameters.
The physical acceptability of the solutions has verified
by making use of the current estimated data available
from the pulsar 4U 1608 52. Thereafter, assuming
anisotropy due to tidal effects we calculate the Love
numbers from our model and compare the results with
the observed compact stars, viz. KS 1731260, 4U
160852, 4U 1724207, 4U 182030, SAX J1748.9 2021 and
EXO 1745 268. The overall situation confirms physical
viability of the proposed approach, which can shed new
light on the interior of the compact relativistic objects.
This work has been done in collaboration with Saibal
Ray, Maxim Khlopov, K.K. Nandi, and B.K. Parida

Herschel is an ESA space observatory with science
instruments provided by FEuropean-led Principal Investigator
consortia and with important participation from NASA.

Estimating tidal Love number of a class of compact stars

Tidal deformability of a star in the presence of an
external tidal field provides an important avenue to
our understanding about the structure and properties
of neutron stars. The deformation of the star is
characterized by the tidal Love number (TLN). In this
paper, we propose a technique to measure the TLN of
a particular class of compact stars. In particular, we
analyze the impact of anisotropy and compactness on
the TLN. This work has been done in collaboration with
Bikram K. Parida, and Ranjan Sharma.

Sudipta Das

Growth of perturbations using Lambert W equation of
state

Recently, a novel equation of state (EoS) parameter for
dark energy has been introduced which deals with a
special mathematical function, known as the Lambert
W function. In this paper, we study the effect on
the growth of perturbations for the Lambert W dark
energy model. We perform the analysis for two different
approaches. In the first case, we consider the universe
to be filled with two different fluid components, namely,
the baryonic matter component and the Lambert W
dark energy component, while in the second case, we
consider that there is a single fluid component in the
universe whose equation of state parameter is described
by the Lambert W function. We then compare the
growth rates of Lambert W model with that for a
standard CDM model as well as the CPL model.
Our results indicate that the presence of Lambert W
dynamical dark energy sector changes the growth rate
and affects the matter fluctuations in the universe to a
great extent. This work has been done in collaboration
with Manisha Banerjee, Abdulla Al Mamon, Subhajit
Saha and Kazuharu Bamba

Barrow holographic dark energy in a nonflat universe

We construct Barrow holographic dark energy in the
case of nonflat universe. In particular, considering
closed and open spatial geometry we extract the
differential equations that determine the evolution of
the dark-energy density parameter, and we provide
the analytical expression for the corresponding dark
energy equation-of-state parameter. We show that the
scenario can describe the thermal history of the universe,
with the sequence of matter and dark energy epochs.
Comparing to the flat case, where the phantom regime
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is obtained for relative large Barrow exponents, the
incorporation of positive curvature leads the universe
into the phantom regime for significantly smaller values.
Additionally, in the case of negative curvature we
find a reversed behavior, namely for increased Barrow
exponent we acquire algebraically higher dark energy
equation-of-state parameters. Furthermore, we confront
the scenario with Hubble parameter measurements and
supernova type la data. Hence, the incorporation of
slightly non-flat spatial geometry to Barrow holographic
dark energy improves the phenomenology while keeping
the new Barrow exponent to smaller values. This
work has been done in collaboration with Priyanka
Adhikary,and Spyros Basilakos.

Partha Sarathi Debnath

Cosmological models in R? gravity with hybrid expansion
law

In the present paper evolution of a
Friedmann-Robertson Walker universe is studied
in a Higher derivative theory of gravity. The relativistic
solutions admitting hybrid expansion law of the
universe are explored here. Hybrid expansion law
is a general form of scale factor from which one can
recover both the power-law expansion and exponential
expansion as a special case. The hybrid expansion
law is interesting as it addresses the early deceleration
phase and present accelerating phase satisfactorily.
It is found that an Inflationary scenario with hybrid
expansion law is permitted in the R? gravity fairly
well.  We consider universe filled with cosmic fluid
that describes by an equation of state parameter which
varies with time. Consequently we anlyze the time
variation of energy density parameter, cosmic pressure,
equation of state parameter, deceleration parameter
and jerk parameter in the cosmological model. The
constraints of the models parameters imposed by the
cosmological observational data set are determined.
The present value of the deceleration parameter (q),
equation of state parameter and the epoch at which
the transition of decelerated phase to accelerated phase
are estimated. In the higher derivative theory we
obtain some new and interesting cosmological solutions
relevant for building cosmological models. This work
has been done in collaboration with Bikash Chandra
Paul.

Ujjal Debnath
Charged Gravastars in Rastall-Rainbow Gravity

We have assumed the spherically symmetric stellar
system in the contexts of Rastall-Rainbow gravity
theory in the presence of isotropic fluid source
with electro-magnetic field. Einstein-Maxwell’s field
equations have been written in the framework of
Rastall-Rainbow gravity. Next, we have discussed the
geometry of charged gravastar model. The gravastar
consists of three regions: interior region, thin shell
region, and exterior region. In the interior region, the
gravastar follows the equation of state (EoS) p = —p,
and we have found the solutions of all physical quantities
like energy density, pressure, electric field, charge
density, gravitational mass, and metric coefficients.
In the exterior region, we have obtained the exterior
Riessner-Nordstrom solution for vacuum model (p =
p = 0). Since in the shell region, the fluid source
follows the EoS p = p (ultra-stiff fluid) and the thickness
of the shell of the gravastar is infinitesimal, so by
the approximation h (= A™!) < 1, we have found
the analytical solutions within the thin shell. The
physical quantities like the proper length of the thin
shell, entropy, and energy content inside the thin shell of
the charged gravastar have been computed, and we have
shown that they are directly proportional to the proper
thickness of the shell (¢) due to the approximation
€ < 1. The physical parameters significantly depend
on the Rastall parameter and Rainbow function. Next,
we have studied the matching between the surfaces of
interior and exterior regions of the charged gravastar,
and using the matching conditions, the surface energy
density and the surface pressure have been obtained.
Also, the equation of state parameter on the surface,
mass of the thin shell, mass of the gravastar have been
calculated. Finally, we have explored the stability of the
charged gravastar in Rastall-Rainbow gravity.

Observational Data Analysis for Generalized Cosmic
Chaplygin  Gas in the Background of Brans-Dicke
Theory

We have considered the generalized cosmic Chaplygin
gas (GCCG) in the background of Brans-Dicke (BD)
theory and also assumed that the Universe filled in
GCCG, dark matter, and radiation. To investigate the
data fitting of model parameters, we have constrained
the model using recent observations. Using x? minimum
test, the best fit values of the model parameters
are determined by OHD+CMB+BAO-+SNIa joint data
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analysis. We have drawn the contour figures for different
confidence levels 1o, 20 and 30. To examine the
viability of the GCCG model in BD theory, we have
also determined AAIC and ABIC using the information
criteria (AIC and BIC). Graphically, we have analyzed
the natures of the equation of state parameter and
deceleration parameter for our best fit values of model
parameters. Also, we have studied the square speed of
sound v2 which lies in the interval (0,1) for expansion
of the Universe. So our considered model is classically
stable by considering the best fit values of the model
parameters due to the data analysis.

Shantanu Desai

Variational Inference as an alternative to MCMC' for
parameter estimation and model selection

Most applications of Bayesian Inference for parameter
estimation and model selection in astrophysics involve
the use of Monte Carlo techniques such as Markov
Chain Monte Carlo (MCMC) and nested sampling.
However, these techniques are time consuming and
their convergence to the posterior could be difficult
to determine. In this work, we advocate Variational
inference as an alternative to solve the above
problems, and demonstrate its usefulness for parameter
estimation and model selection in Astrophysics.
Variational inference converts the inference problem
into an optimization problem by approximating the
posterior from a known family of distributions and
using Kullback-Leibler divergence to characterize the
difference. It takes advantage of fast optimization
techniques, which make it ideal to deal with large
datasets and makes it trivial to parallelize on a
multicore platform. We also derive a new approximate
evidence estimation based on variational posterior,
and importance sampling technique called posterior
weighted importance sampling for the calculation
of evidence (PWISE), which is useful to perform
Bayesian model selection. As a proof of principle, we
apply variational inference to five different problems
in astrophysics, where Monte Carlo techniques were
previously used. These include assessment of
significance of annual modulation in the COSINE-100
dark matter experiment, measuring exoplanet orbital
parameters from radial velocity data, tests of
periodicities in measurements of Newton’s constant G,
assessing the significance of a turnover in the spectral
lag data of GRB 160625B and estimating the mass
of a galaxy cluster using weak gravitational lensing.

We find that variational inference is much faster than
MCMC and nested sampling techniques for most of
these problems while providing competitive results. All
our analysis codes have been made publicly available
This evaluation has been done in collaboration with
Geetakrishnasai Gunapati, Anirudh Jain, and P.K.
Srijith

A test of constancy of dark matter halo surface density
and radial acceleration relation in relaxed galaxy groups

The dark matter halo surface density, given by the
product of the dark matter core radius (r.) and core
density (p.) has been shown to be a constant for
a wide range of isolated galaxy systems. Here, we
carry out a test of this ansatz using a sample of 17
relaxed galaxy groups observed using Chandra and

XMM-Newton, as an extension of our previous analysis
_1.35+0.16

with galaxy clusters. We find that p. oc r. =~ %7,
with an intrinsic scatter of about 27.3%, which is about
1.5 times larger than that seen for galaxy clusters.
Our results thereby indicate that the surface density
is discrepant with respect to scale invariance by about
20, and its value is about four times greater than that
for galaxies. Therefore, the elevated values of the halo
surface density for groups and clusters indicate that the
surface density cannot be a universal constant for all
dark matter dominated systems. Furthermore, we also
implement a test of the radial acceleration relation for
this group sample. We find that the residual scatter
in the radial acceleration relation is about 0.32 dex
and a factor of three larger than that obtained using
galaxy clusters. The acceleration scale which we obtain
is in-between that seen for galaxies and clusters. This
work has been done in collaboration with Gopika K.

Vijayakumar H. Doddamani

Magnetic Imprints of Eruptive and Noneruptive Solar
Flares as Observed by Solar Dynamics Observatory

The abrupt and permanent changes of the photospheric
magnetic field in the localized regions of active regions
during solar flares, called magnetic imprints (MIs),
have been observed for nearly the past three decades.
The well-known coronal implosion model is assumed to
explain such flare-associated changes but the complete
physical understanding is still missing and debatable. In
this study, we made a systematic analysis of flare-related
changes of the photospheric magnetic field during
21 flares (14 eruptive and seven noneruptive) using
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the 135 s cadence vector magnetogram data obtained
from the Helioseismic and Magnetic Imager. The MI
regions for eruptive flares are found to be strongly
localized, whereas the majority of noneruptive events
(> 70%) have scattered imprint regions. To quantify the
strength of the MIs, we derived the integrated change
of horizontal field and the total change of Lorentz force
over an area. These quantities correlate well with the
flare strength, irrespective of whether flares are eruptive
or not, or have a short or long duration. Further,
the free energy (FE), determined from virial theorem
estimates, exhibits a statistically significant downward
trend that starts around the flare time and is observed
in the majority of flares. The change of FE during flares
does not depend on eruptivity but has a strong positive
correlation (= 0.8) with the Lorentz force change,
indicating that part of the FE released would penetrate
the photosphere. While these results strongly favor
the idea of significant feedback from the corona on the
photospheric magnetic field, the characteristics of MIs
are quite indistinguishable from flares being eruptive or
not. This study has been done in collaboration with N.
Vasantharajul, P. Vemareddy, and B. Ravindral.

Jibitesh Dutta

Background evolution and growth of structures in
interacting dark energy scenarios through dynamical
system analysis

We apply the formalism of dynamical system analysis
to investigate the evolution of interacting dark energy
scenarios at the background and perturbation levels in
a unified way. Since the resulting dynamical system
contains the extra perturbation variable related to the
matter overdensity, the critical points of the background
analysis split, corresponding to the different behavior of
matter perturbations, and hence to stability properties.
From the combined analysis, we find critical points
that describe the non-accelerating matter-dominated
epoch with the correct growth of matter structure,
and the fact that they are saddle provides the natural
exist from this phase. Furthermore, we find stable
attractors at late times corresponding to a dark
energy-dominated accelerated solution with constant
matter perturbations, as required by observations.
Thus, interacting cosmology can describe the matter
and dark energy epochs correctly, both at the
background and perturbation levels, and since this is not
possible in standard, i.e., non-interacting quintessence,
it reveals the crucial effect of the interaction. This study

has been done in collaboration with Wompherdeiki
Khyllep, Spyros Basilakos,and Emmanuel N. Saridakis.

Cosmological solutions and growth index of matter
perturbations in f(Q) gravity

The present work studies one of Einstein’s alternative
formulations based on the non-metricity scalar @
generalized as f(Q) theory. More specifically, we
consider the power-law form of f(Q) gravity i.e. f(Q) =
Q + aQm™. Here, we analyze the behavior of the
cosmological model at the background and perturbation
level. At the background level, the effective evolution
of the model is the same as that of the ACDM for
|n| < 1. Interestingly, the geometric component of
the theory solely determined the late-time acceleration
of the Universe. We also examine the integrability
of the model by employing the method of singularity
analysis. In particular, we find the conditions under
which field equations pass the Painlevé test and hence
possess the Painlevé property. While the equations pass
the Painlevé test in the presence of dust for any value of
n, the test is valid after the addition of radiation fluid
only for n < 1. Finally, at the perturbation level, the
behavior of matter growth index signifies a deviation of
the model from the ACDM even for |n| < 1.

This study has been done in collaboration with
Wompherdeiki Khyllep, and Andronikos Paliathanasis

Abhik Ghosh

Demonstrating the Tapered Gridded Estimator (TGE)
for the cosmological HI 21-cm power spectrum using
150MHz GMRT observations

We apply the Tapered Gridded Estimator (TGE) for
estimating the cosmological 21-cm power spectrum from
150 MHz GMRT observations which corresponds to the
neutral hydrogen (HI) at redshift z = 8.28. Here TGE
is used to measure the Multi-frequency Angular Power
Spectrum (MAPS) Cy(Av) first, from which we estimate
the 21-cm power spectrum P(ky,k)). The data here
are much too small for a detection, and the aim is
to demonstrate the capabilities of the estimator. We
find that the estimated power spectrum is consistent
with the expected foreground and noise behaviour. This
demonstrates that this estimator correctly estimates the
noise bias and subtracts this out to yield an unbiased
estimate of the power spectrum. More than 47% of
the frequency channels had to be discarded from the
data owing to radio-frequency interference, however the
estimated power spectrum does not show any artifacts
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due to missing channels. Finally, we show that it
is possible to suppress the foreground contribution by
tapering the sky response at large angular separations
from the phase center. We combine the k modes within
a rectangular region in the ‘EoR window’ to obtain the
spherically binned averaged dimensionless power spectra
A?(k) along with the statistical error o associated with
the measured A%(k). The lowest k-bin yields A?(k) =
(61.47)2K? at k = 1.59Mpc™ !, with o = (27.40)2 K2.
We obtain a 2 o upper limit of (72.66)2 K* on the mean
squared HI 21-cm brightness temperature fluctuations
at k = 1.59Mpc~!. This work has been done in
collaboration with Srijita Pal, Somnath Bharadwaj, and
Samir Choudhuri.

A numerical study of 21-cm signal suppression and noise
increase in direction-dependent calibration of LOFAR
data

We investigate systematic effects in direction dependent
gain calibration in the context of the Low-Frequency
Array (LOFAR) 21-cm Epoch of Reionization (EoR)
experiment. The LOFAR EoR Key Science Project
aims to detect the 21-cm signal of neutral hydrogen on
interferometric baselines of 50 — 250\. We show that
suppression of faint signals can effectively be avoided
by calibrating these short baselines using only the
longer baselines. However, this approach causes an
excess variance on the short baselines due to small gain
errors induced by overfitting during calibration. We
apply a regularised expectation-maximisation algorithm
with consensus optimisation (SAGECAL-CO) to real data
with simulated signals to show that overfitting can be
largely mitigated by penalising spectrally non-smooth
gain solutions during calibration. This reduces the
excess power with about a factor 4 in the simulations.
Our results agree with earlier theoretical analysis of this
bias-variance trade off and support the gain-calibration
approach to the LOFAR 21-cm signal data.

This work has been done in collaboration with
M.Mevius, F.Mertens, L.V.E.Koopmans, and
A.R.Offringal et al.

Suman Ghosh

Generalised FEllis-Bronnikov wormholes embedded in
warped braneworld background and energy conditions

Ellis-Bronnikov (EB) wormholes require violation of
null energy conditions at the ‘throat’. This problem
was cured by a simple modification of the ‘shape
function’, which introduces a new parameter m > 2

(m = 2 corresponds to the EB model). This leads
to a generalised (GEB) version. In this work, we
consider a model where the GEB wormhole geometry
is embedded in a five dimensional warped background.
We studied the status of all the energy conditions
in detail for both EB and GEB embedding. We
present our results analytically (wherever possible) and
graphically. Remarkably, the presence of decaying warp
factor leads to satisfaction of weak energy conditions
even for the EB geometry, while the status of all the
other energy conditions are improved compared to the
four dimensional scenario. Besides inventing a new
way to avoid the presence of exotic matter, in order to
form a wormhole passage, our work reveals yet another
advantage of having a warped extra dimension. This
work has been done in collaboration with Vivek Sharma.

Sushant G. Ghosh

Parameter estimation of hairy Kerr black holes from its
shadow and constraints from M87*

The recently obtained hairy Kerr black holes, due
to additional sources or surrounding fluid, like dark
matter, with conserved energy-momentum tensor, have
a deviation a and primary hair [y, apart from rotation
parameter a and mass M. In the wake of the
Event Horizon Telescope (EHT) observations of the
supermassive black hole M87*, a recent surge in interest
in black hole shadows suggests comparing the black
holes in general relativity (GR) and modified theories
of gravity (MoG) to assess these models’ differences.
Motivated by this, we take on an extensive study of
the rotating hairy Kerr black holes, which encompasses,
in particular cases, the Kerr black hole (« = 0). We
investigate ergosphere and shadows of the black holes
to infer that their size and shape are affected due to the
lp and are found to harbour a richer chaotic structure.
In particular, the hairy Kerr black holes possess smaller
size but more distorted shadows when compared with
Kerr black holes. We also estimate the parameters [
and a associated with hairy Kerr black holes using the
shadow observables. The inferred circularity deviation
AC < 0.1 for the M8T* black hole is satisfied, whereas
shadow angular diameter 6; = 42 £+ 3uas, within lo
region, for a given choice of «, places bounds on the
parameters a and lg. Interestingly, the shadow axial
ratio obeying 1 < D, < 4/3 is in agreement with the
EHT results and thus eventuates in the hairy Kerr black
holes being suitable candidates for astrophysical black
holes. This work has been done in collaboration with R.
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Misba Afrin, and Rahul Kumar.

Strong gravitational lensing by rotating Stmpson—Visser
black holes

We investigate strong field gravitational lensing by
rotating Simpson-Visser black hole, which has an
additional parameter (0 < [/2M < 1), apart from
mass (M) and rotation parameter (a). A rotating
Simpson-Visser metric correspond to (i) a Schwarzschild
metric for [/2M = a/2M = 0 and M # 0, (i)
a Kerr metric for I/2M = 0, |a/2M| < 0.5 and
M # 0 (iii) a rotating regular black hole metric for
la/2M| < 0.5, M # 0 and [/2M in the range 0 <

1/2M < 0.5+ \/(0.5)2 — (a/2M)2, and (iv) a traversable
wormbhole for a |a/2M| > 0.5 and [/2M # 0. We find
a decrease in the deflection angle ap and also in the
ratio of the flux of the first image and all other images
Tmag- On the other hand, angular position ; increases
more slowly and photon sphere radius z,, decreases
more quickly, but angular separation s increases more
rapidly, and their behaviour is similar to that of the
Kerr black hole. The formalism is applied to discuss the
astrophysical consequences in the supermassive black
holes NGC 4649, NGC 1332, Sgr A* and M87* and
find that the rotating Simpson-Visser black holes can
be quantitatively distinguished from the Kerr black
hole via gravitational lensing effects. We find that the
deviation of the lensing observables Af; and As of
rotating Simpson Visser black holes from Kerr black hole
for 0 < I/2M < 0.6 (a/2M = 0.45), for supermassive
black holes Sgr A* and MBS8T7, respectively, are in the
range 0.0422 — 0.11658 pas and 0.031709 — 0.08758 uas
while |Arpag| is in the range 0.2037 — 0.95668. It
is difficult to distinguish the two black holes because
the departure are in O(pas), which are unlikely to get
resolved by the current EHT observations, and one has
to wait for future observations by ngEHT can pin down
the exact constraint. We also derive a two-dimensional
lens equation and formula for deflection angle in the
strong field limit by focusing on trajectories close to
the equatorial plane. This work has been done in
collaboration Shafqat Ul Islam,and Jitendra Kumar

Tuhin Ghosh
Statistical isotropy of the CMB E-mode polarization

In this work, we test the statistical isotropy (SI) of
the CMB FE-mode polarization using two statistics,
namely, the « estimator that is derived from the

contour Minkowski tensor and the directional statistic
(D statistic). The « estimator provides information
about the alignment of structures and can be used to
infer statistical properties such as Gaussianity and SI
of random fields. The D statistic is based on detecting
preferred directionality shown by vectors defined by the
random field. We use the publicly available Planck 2018
data release component-separated SMICA CMB Stokes
@ and U maps. To probe the SI at large scales and
reduce the noise contribution present in the Planck data,
we smooth the CMB Stokes @ and U maps to 1° FWHM
beam resolution and transform it to pseudo-scalar E
and B-mode maps. We consider the CMB E-mode map
for the test of statistical isotropy along with the Planck
collaboration recommended polarization mask retaining
only 78% of the high latitude sky. We compute o and
D statistic for the 1° smoothed CMB FE-mode map,
and compare it with the values calculated using FFP10
SMICA simulations. In FFP10 SMICA simulations, the
CMB sky is statistically isotropic and processed through
the end-to-end pipeline as the real Planck data. We
find good agreement between the Planck data and the
SMICA simulations for both « estimator and D statistic.
Based on the two estimators, we can conclude that the
CMB FE-mode polarization is consistent with the SI
assumption at large angular scales (1° or higher).

This work has been done in collaboration with Joby
P. Kochappan, Aparajita Sen,Pravabati Chingangbam,
and Soumen Basak

Nature of non-Gaussianity and statistical isotropy of the
408 MHz Haslam map

Some component separation methods separate the CMB
from other Galactic and extragalactic foregrounds on
a harmonic basis using the auto- and cross-frequency
power spectra. In these methods, the foregrounds are
assumed to be Gaussian while propagating the errorbars
in the recovered CMB power spectrum. In this work,
we test the assumption of Gaussianity and statistical
isotropy of the major foreground components for CMB
study, namely the Galactic synchrotron emission traced
by 408 MHz Haslam map. We apply the scalar
Minkowski functionals and their tensorial generalization
known as Minkowski tensors. We perform the analysis
as a function of sky regions and angular scales. We
find that the overall level of the non-Gaussian deviations
does decrease as more high emission regions are masked
and as we go down to smaller scales, in agreement with
the results obtained in earlier works. The non-Gaussian
deviations remain of the order of 3.3c at the smallest
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angular scales relevant for the Haslam map in the low
emission regions. We have shown analytically that
these deviations of the Minkowski functionals can be
well explained by the perturbative expansion up to
second-order (up to kurtosis terms), with first-order
terms being sub-dominant. We also report that the
Haslam map becomes increasingly more statistically
isotropic at smaller scales.

This work has been done in collaboration with F.
Rahman, P. Chingangbam.

Ankur Gogoi

Scattering by interstellar graphite and fayalite composite
dust analogues: computer simulation and laser-based
laboratory measurements

Scattering properties of irregularly shaped interstellar
composite dust analogues consisting of graphite and
fayalite (Fe2Si04) were studied using discrete dipole
approximation (DDA). Two dust models were developed
to calculate the scattering and extinction efficiencies,
single scattering albedo, asymmetry parameter, phase
functions and degree of linear polarizations. Laboratory
measurements were also performed at three incident
wavelengths 543.5, 594.5 and 632.8 nm on chemically
synthesized graphite and fayalite composite particles
of sizes ranging from 0.3 to 5 lm. A comparative
analysis of the theoretical and experimental results of
shape- and size-averaged scattering parameters shows
that changes in the percentage composition of a
two-species mixture model has a pronounced effect
on the light-scattering properties of dust particles.
The developed computational models are successful
in representing a two-species mixture of interstellar
dust analogues considering diverse size, shapes and
percentage composition. This technique can be applied
to fit observed scattering and absorption peaks in
the visible region produced by astrophysical dust,
provided large number of particle species are included
and the influence of more physical parameters (e.g.,
porosity, fluffiness, temperature, density, etc.) are
considered. Further, this study is also applicable to
remote sensing, atmospheric and planetary sciences. All
the physical parameters employed as variables in the
models influence the oscillations observed in theoretical
curves and change the values of scattering parameters.
This work has been done in collaboration with Manash
J Boruah, and Gazi A. Ahmed.

Umananda D. Goswami

Cosmology with a new f(R) gravity model in Palatini
formalism

One of the most favourable extensions of General
Relativity is the f(R) gravity. f(R) gravity in Palatini
formalism can be a realistic alternative to the dark
energy problem. In this work we study a recently
introduced dark energy f(R) gravity model along with
two other models in cosmological perspectives under
the Palatini formalism. First, we study the cosmic
expansion history of these models with the help of the
important cosmographic parameters, such as the Hubble
parameter, luminosity distance, effective equation of
state etc.  This study shows that the new model
behaves similarly with the other two models as well
as with the ACDM model in some respects in the
early or very early phases of the universe. It could
predict the present accelerated expansion of the universe
somewhat differently from the other models with a
peculiar future history of the universe. ~Within a
constrained range of parameters all models show a good
agreement with the Union2.1 luminosity distance data.
However, the new model shows a quite satisfactory
agreement in the whole range of its allowed parameters
than that of the other two models. We also obtain
cosmological constraints on these models from the
Observed Hubble Data. Further, models have been
tested by using Om(z) test and statefinder diagnostics.
These diagnostics especially, the statefinder diagnostic
shows that the evolutionary differences between these
models are distinct. The evolutionary trajectories of the
new model are completely different from the other two
models we have considered. This work has been done in
collaboration with Dhruba J. Gogoi.

Quasinormal — modes  of  mlack  holes  with
Non-Linear-Electrodynamic sources in Rastall Gravity

One of the notable modifications of General Relativity
(GR) is the Rastall gravity. We have studied the
quasinormal modes of black holes in Rastall gravity in
presence of non-linear electrodynamic sources. Here the
impacts of cosmological field, dust field, phantom field,
quintessence field and radiation field on the quasinormal
modes in presence of electrodynamic sources have been
investigated. Apart from this, we have also checked
the dependency of quasinormal modes with the Rastall
parameter A, black hole structural constant N, and
charge of the black hole Q. The study shows that
the quasinormal modes corresponding to the black hole
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with non-linear electrodynamic sources show significant
deviations from a general charged black hole in Rastall
gravity under certain conditions. Further, the behaviour
of black holes and hence the quasinormal modes depend
on the type of surrounding field considered. This work
has been done in collaboration with Dhruba J. Gogoi. .

Shivappa B. Gudennavar

Spectral properties of soft X-ray transient MAXI
J0637—430 using AstroSat

Soft X-ray transients are systems that are detected when
they go into an outburst, wherein their X-ray luminosity
increases several orders of magnitude. These outbursts
are markers of the poorly understood change in the
spectral state of these systems from low/hard state
to high/soft state. We report the spectral properties
of one such soft X-ray transient: MAXI J0637—430,
with data from the SXT and LAXPC instruments
on-board AstroSat mission. The source was observed
for a total of ~ 60 ks over two observations on 8"
and 21%" November, 2019 soon after its discovery. Flux
resolved spectral analysis of the source indicates the
presence of a multi-colour blackbody component arising
from the accretion disk and a thermal Comptonization
component. The stable low temperature (~ 0.55 keV)
of the blackbody component, points to a cool accretion
disk with an inner disk radius of the order of a few
hundred £m. In addition, we report the presence of a
relativistically broadened Gaussian line at 6.4 keV. The
disk dominated flux and photon power law index of Z 2
and a constant inner disk radius indicate the source to
be in the soft state. From the study we conclude that
MAXI J0637—430 is a strong black hole X-ray binary
candidate. This work has been done in collaboration
with Neal T. Thomas, Ranjeev Misra, and S.G. Bubbly

Sarbari Guha

Propagation of axial and polar gravitational waves in
Kantowski-Sachs universe

In this paper, we apply the Regge-Wheeler formalism
in our study of axial and polar gravitational waves
in Kantowski-Sachs universe. The background field
equations and the linearised perturbation equations
for axial and polar modes are derived in presence of
matter. To find the analytical solutions, we analyse
the propagation of waves in vacuum spacetime. The
background field equations in absence of matter are
first solved by assuming that the expansion scalar

© to be proportional to the shear scalar o (so that
the metric coefficients are given by the relation a =
b", where n is an arbitrary constant). Using the
method of separation of variables, the axial perturbation
parameter ho(t,r) is obtained from its wave equation.
The other perturbation hi(¢,r) is then determined
from ho(t,7). The anisotropy of the background
spacetime is responsible for the damping of the axial
waves. The polar perturbation equations are much
more involved compared to their FLRW counterparts,
as well as to the axial perturbations in Kantowski-Sachs
background, and contain complicated couplings among
the perturbation variables. In both the axial and
polar cases, the radial and temporal solutions for the
perturbations separate out as product. The temporal
part of the polar perturbation solutions are plotted
against time to obtain an order of magnitude estimate
of the frequency of the propagating GWs, which is
found to lie in the probable range of 1000-2000 Hz.
Using standard observational data for the GW strain
we have placed constraints on the parameters appearing
in the polar perturbation solutions. The perturbation
equations in presence of matter show that the axial
waves can cause perturbations only in the azimuthal
velocity of the fluid without deforming the matter field.
But the polar waves must perturb the energy density,
the pressure and also the non-azimuthal components of
the fluid velocity. The propagation of axial and polar
gravitational waves in Kantowski-Sachs and Bianchi I
spacetimes is found to be more or less similar in nature.
This study has been done in collaboration with Sucheta
Datta.

Dynamical conditions and causal transport of dissipative
spherical collapse in f(R,T) gravity

In this paper, we have investigated the non-adiabatic
spherical gravitational collapse in the framework of the
f(R,T) theory of gravity with a locally anisotropic fluid
that undergoes dissipation in the form of heat flux,
free-streaming radiation, and shearing viscosity. The
dynamical equations are analyzed in detail, both in
the Newtonian and post-Newtonian regimes. Finally
we couple the dynamical equations to the full causal
transport equation in the context of Israel-Stewart
theory of dissipative systems. This yields us a better
understanding of the collapse dynamics and may be
connected to various astrophysical consequences. This
study has been done in collaboration with Uttaran
Ghosh.
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Priya Hasan
The galaxy population of the core of Coma cluster

In this paper we present the structural properties and
morphology of galaxies in the central region of the Coma
Cluster brighter than 19.5” in the F'814W band. from
the HST/ACS Coma Cluster Treasury Survey. Using
mainly spectroscopic redshifts, we find 132 members
from our sample of 219 galaxies. In our sample of
132 members, we find 51 non-dwarfs and 81 dwarfs and
amongst our 32 non-members, we find 4 dwarfs and 28
non dwarfs. We do not have redshifts for the remaining
55 galaxies. We present bulge-disc decomposition of
the sample using GALFIT and obtain parameters for
our sample. Using visual inspection of residuals, we
do a a morphological classification of the galaxies.
We studied the relation of morphological types with
Bulge to Total Light Ratio (B/T), color magnitude
relation (CMR), Sérsic index (n), Kormendy relation
and cross-correlations between these parameters for the
bulges and galaxies.

This work helps us understand important relations
between various parameters like B/T, color and n
as well as insights into the merger history of these
galaxies in terms of their positions in the Kormendy
Diagram and their Sérsic indices. Using statistical
methods, we find that the there are significantly
more E/SO, SOs galaxies in the member population
compared to non-members. This study has been done
in collaboration with P. Nagamani, and S. N.Hasan

Membership of stars in open clusters using Random
Forest with Gaia Data

Membership of stars in open clusters is one of the most
crucial parameters in studies of star clusters. Gaia
opened a new window in the estimation of membership
because of its unprecedented 6-D data. In the present
study, we used published membership data of nine open
star clusters as a training set to find new members from
Gaia DR2 data using a supervised random forest model
with a precision of around 90%. The number of new
members found is often double the published number.
Membership probability of a larger sample of stars in
clusters is a major benefit in determination of cluster
parameters like distance, extinction and mass functions.
We also found members in the outer regions of the
cluster and found sub-structures in the clusters studied.
The color magnitude diagrams are more populated and
enriched by the addition of new members making their
study more promising. This study has been done in

collaboration with Md Mahmudunnobe, Mudasir Raja,
and S N Hasan.

Golam Mortuza Hossain

Higher mass limits of neutron stars from the equation of
states in curved spacetime

In order to solve the Tolman-Oppenheimer-Volkoff
equations for neutron stars, one routinely uses the
equation of states which are computed in the Minkowski
spacetime. Using a first-principle approach, it is shown
that the equation of states which are computed within
the curved spacetime of the neutron stars include the
effect of gravitational time dilation. It arises due to the
radially varying interior metric over the length scale of
the star and consequently it leads to a much higher mass
limit. As an example, for a given set of parameters in a
o —w model of nuclear matter, the maximum mass limit
is shown to increase from 1.61 M to 2.24 Mg due to the
inclusion of gravitational time dilation. This work has
been done in collaboration with S. Mandal.

The methods of thermal field theory for degenerate
quantum plasmas in astrophysical compact objects

In the study of degenerate plasmas contained within
compact astrophysical objects, both special relativity
and general relativity play important roles.  After
reviewing the existing treatment in the literature, here
we employ the methods of relativistic thermal quantum
field theory to compute the equation of states of
degenerate matter for compact astrophysical objects
such as the white dwarfs and the neutron stars. In
particular, we compute the equation of states that
include leading order corrections due to the finite
temperature, the fine-structure constant as well as the
effect of gravitational time dilation. We show that the
fine-structure constant correction remains well-defined
even in the non-relativistic regime in contrast to the
existing treatment in the literature. This work has been
done in collaboration with S. Mandal.

Deepak Jain

A non-parametric test of wariability of Type Ia
supernovae luminosity and CDDR

The first observational evidence for cosmic acceleration
appeared from Type Ia supernovae (SNe Type Ia)
Hubble diagram from two different groups. However,
the empirical treatment of SNe Type la and their
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ability to show cosmic acceleration have been the
subject of some debate in the literature. In this
work we probe the assumption of redshift-independent
absolute magnitude (Mpg) of SNe along with its
correlation with spatial curvature (€,) and cosmic
distance duality relation (CDDR) parameter (n(z)).
This work is divided into two parts. Firstly, we check
the validity of CDDR which relates the luminosity
distance (dp) and angular diameter distance (da)
via redshift. We use the Pantheon SNe Ia dataset
combined with the H(z) measurements derived from
the cosmic chronometers. Further, four different
redshift-dependent parametrizations of the distance
duality parameter (n(z)) are used. The CDDR is fairly
consistent for almost every parametrization within a 20
confidence level in both flat and a non-flat universe. In
the second part, we assume the validity of CDDR and
emphasize on the variability of Mp and its correlation
with (Qke). We choose four different redshift-dependent
parametrizations of Mp.  The results indicate no
evolution of Mp within 20 confidence level. For all
parametrizations, the best fit value of 0, indicates a
flat universe at 20 confidence level. However a mild
inclination towards a non flat universe is also observed.
We have also examined the dependence of the results on
the choice of different priors for Hy. This work has been
done in collaboration with D. Kumar, A. Rana, Deepak
Jain, S. Mahajan, A. Mukherjee, and R. F. L. Holanda.

Strong lensing systems and galaxy cluster observations
as probe to the cosmic distance duality relation

In this paper, we use large scale structure observations
to test the redshift dependence of cosmic distance
duality relation (CDDR), Dz (1+42)"2/D4 = n(z), with
Dy, and D4, being the luminosity and angular diameter
distances, respectively. In order to perform the test,
the following data set are considered: strong lensing
systems and galaxy cluster measurements (gas mass
fractions). No specific cosmological model is adopted,
only a flat universe is assumed. By considering two
n(z) parametrizations, It is observed that the CDDR
remain redshift independent within 1.5¢ which is in full
agreement with other recent tests involving cosmological
data. It is worth to comment that our results are
independent of the baryon budget of galaxy clusters.
This work has been done in collaboration with R. F. L.
Holanda, F. S. Lima, and A. Rana.

Jessy Jose

Subaru Hyper Suprime-Cam Survey of Cygnus OB2
Compler - I. Introduction, photometry, and source
catalogue

Low mass star formation inside massive clusters is
crucial to understand the effect of cluster environment
on processes like circumstellar disk evolution, planet and
brown dwarf formation. The young massive association
of Cygnus OB2, with a strong feedback from massive
stars, is an ideal target to study the effect of extreme
environmental conditions on its extensive low-mass
population. We aim to perform deep multi-wavelength
studies to understand the role of stellar feedback on
the IMF, brown dwarf fraction and circumstellar disk
properties in the region. We introduce here, the
deepest and widest optical photometry of 1.5° diameter
region centred at Cygnus OB2 in ro, is, z and Y-filters
using Subaru Hyper Suprime-Cam (HSC). This work
presents the data reduction, source catalog generation,
data quality checks and preliminary results about the
pre-main sequence sources. We obtain 713,529 sources
in total, with detection down to ~ 28 mag, 27 mag,
25.5 mag and 24.5 mag in 19, iz, z and Y-band
respectively, which is ~ 3 - 5 mag deeper than the
existing Pan-STARRS and GTC/OSIRIS photometry.
We confirm the presence of a distinct pre-main sequence
branch by statistical field subtraction of the central 18’
region. We find the median age of the region as ~ 5 +
2 Myrs with an average disk fraction of ~ 9%. At this
age, combined with Ay ~ 6 - 8 mag, we detect sources
down to a mass range ~ 0.01 - 0.17 Mg. The deep HSC
catalog will serve as the groundwork for further studies
on this prominent active young cluster. This work has
been done in collaboration with Saumya Gupta.

A novel survey for young substellar objects with the
W-band filter III: Searching for very low-mass brown
dwarfs in Serpens South and Serpens Core

We present CFHT photometry and IRTF spectroscopy
of low-mass candidate members of Serpens South and
Serpens Core (~ 430 pc, ~ 0.5 Myr), identified using
a novel combination of photometric filters, known as
the W-band method. We report SC182952+4011618,
S55182959-020335, and SS183032-021028 as young,
low-mass Serpens candidate members, with spectral
types in the range M7-M8, Mb5-L0O, and M5-M6.5,
respectively.  Best-fitting effective temperatures and
luminosities imply masses of < 0.12M® for all three
candidate cluster members. We also present Hubble
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Space Telescope imaging data (F127M, F139M, and
F850LP) for six targets in Serpens South. We report
the discovery of the binary system SS183044-020918AB.
The binary components are separated by ~ 45 AU, with
spectral types of M7-M8 and MS8-M9, and masses of
0.08-0.1 and 0.05-0.07 M®. We discuss the effects of
high dust attenuation on the reliability of our analysis,
as well as the presence of reddened background stars in
our photometric sample. This work has been done in
collaboration with Sophie Dubber, Beth Biller, Katelyn
Allers, et al.

Minu Joy

Ringing Non-Gaussianity from ination with a step in the
second derivative of the potential

Inationary model driven by a scalar eld whose potential
has a step in the second derivative with respect to the
eld is considered. For the best t potential parameter
values, the 3-point function and the nonGaussianity
associated with the featured model is calculated. We
study the shape and scale dependence of the 3-point
function. The distinctive feature of this model is its
characteristic ringing behaviour of fNL. We can see that
the oscillations in fNL in this model last for a much
longer range of k values, as compared to the previously
studied models. In that sense, this model is potentially
distinguishable from models with other features in the
potential. This work has been done in collaboration
with Rakhi R.

Mehedi Kalam

Properties of rotating neutron stars in light of binary
compact object mergers

The properties of rotating neutron stars are investigated
using eight equations of state (EOSs). We also study
the relations between various observables corresponding
to different angular velocities for all those EOSs. All
of these EoSs lead to non-rotating compact stars
with maximum masses between 1.8 to 2.25 M. We
calculate the moment of inertia and studied its variation
with mass and the relation between central energy
density and angular momentum. We compare our
results with the observational findings from the most
massive pulsar PSR J07404-6620 and the heaviest
secondary component in the black holeneutron star
merger GW190814. It is noted that the secondary
compact object of GW190814 having mass ~ 2.6Mg
might be explained as a rapidly rotating neutron star

(NS) with frequency larger than 1000 Hz. This work
has been done in collaboration with Bidisha Ghosh.
Traversable wormhole on the brane with non-exotic
matter: a broader view

In this article, the possibility of construction of
a traversable wormhole on the Randall-Sundrum
braneworld with non-exotic matter employing the
Kuchowicz potential has been studied. @ We have
obtained the solution for the shape function of
the wormhole and studied its properties along with
validity of Null Energy Condition (NEC). The junction
conditions at the surface of the wormhole are used to
evaluate the model parameters. We also evaluate the
surface density and surface pressure for the wormhole.
We study the geometrical nature of the wormhole and
consider the radial and tangential tidal constraints on
a traveler trying to traverse the wormhole. Besides,
a linearized stability analysis is performed to obtain
the region of stability for the wormhole. Our analysis,
besides giving an estimate for the bulk equation of
state (EoS) parameter, imposes restrictions on the
brane tension, which is a very essential parameter
in braneworld physics, and very interestingly the
restrictions imposed by our physically plausible and
traversable wormhole model are in conformity with
those imposed by other braneworld geometries which
are not associated with a wormhole solution. Besides,
it is important to study such constraints imposed
by geometrical objects such as wormholes on any
gravity theory operating at high-energy scales like
braneworld, as wormholes are believed to have been
formed from massive compact objects of high energy
densities. Also, we go on to justify that the possible
detection of a wormhole may well indicate that we live
on a three-brane universe. This work has been done
in collaboration with Rikpratik Senguptal, Shounak
Ghosh, and Saibal Ray.

Nishikanta Khandai

Redshift space three-point correlation function of IGM
at z < 0.48

The Ly « forest decomposed into Voigt profile
components allow us to study clustering properties
of the intergalactic me dium and its dependence on
various physical quantities. Here, we report the first
detections of probability excess of low-z (e z <
0.48) Ly a absorber triplets over a scal e of r| <

1.96

8 pMpc with a maximum amplitude of 8.7671 3¢ at
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a longitudinal separation of 1-2 pMpc We measure
non-zero three-point correlation (¢ = 4.767723) only at
this scale with reduced three-point correlation value of
Q = 0.957032. The measured ¢ shows an increasing
trend with increasing H 1 column density (Np;) while
Q does not show any (Ng; ) dependence. driven by the
signal-to-noise ratio of the spectra used. About 88% of
the triplets contributing to ¢ (at z < 0.2) have nearby
galaxies ( whose distribution is known to be complete for
0.1 L, at z < 0.1 and for L, at z ~ 0.25 and within 20’
to the quasar sightlines) within a velocity separation of
500 kms~! and a median impact parameter of 405 pkpc.
The measured impact parameters are ¢ onsistent with
appreciable number of triplets at z < 0.2 not originating
from individual galaxies but tracing the un derlying
galaxy distribution. Frequency of occurrence of high-b
absorbers in triplets (~85%) is a factor ~ 3 higher than
that found among the full sample (~32%) . Using four
different cosmological simulations, we quantify the effect
of peculiar velocities, feedback effects and show that
m ost of the observed trends are broadly reproduced.
However, ¢ at small scales (r| < 1 pMpc) and b-depend
ence of ¢ in simulations are found inconsistent with
the observations. This could either be related to the
fact tha t none of these simulations reproduce the
observed b-distribution and Ny distribution for Ng;
> 10" cm™2 self-consistently or to the widespread of
signal-to-noise ratio in the observed data. This work has
been done in collaboration with S. Maitra, R. Srianand,
and P. Gaikwad.

Ram Kishor

First order stability test of equilibrium points in
the planar elliptic restricted four body problem with
radiating primaries

This paper presents a rigorous analysis of existence of
equilibrium points and corresponding their first order
stability test in the planar elliptic restricted four body
problem under the influence of radiation pressure forces
due to radiating primaries. In the presence of radiation
pressure of the radiating primaries, a considerable
variations in position co-ordinates of the equilibrium
points and in their stability ranges have seen. Also, the
existence of equilibrium points with respect to the values
of eccentricity e and true anomaly f in their respective
ranges have analysed and it is found that number of
equilibrium points reduces with the increasing value
of eccentricity within the range 0 < e < 1, whereas
a random variation is seen in case of true anomaly

f €10, 2n]. The results of this study will be helpful
to study more generalised problems with different kind
of perturbations such as oblateness, solar wind drag,
PR drag, Stokes drag etc. This work has been done in
collaboration with Poonam Meena.

Motion about equilibrium points in the Jupiter-Europa
system with oblateness

The study of motion of a test mass in the vicinity
of an equilibrium point under the frame of restricted
three body problem (RTBP) plays an important role
in the trajectory design for different space missions.
In this paper, motion of an infinitesimal mass has
been described under the frame of Jupiter-Europa
system with oblateness. At first, we have determined
equilibrium points and then performed linear stability
tests under the influence of oblateness of both the
primaries. We found that due to oblateness, a
considerable deviation in the existing results has
occurred. Next, we have computed tadpole and
horseshoe orbits in the neighbourhood of triangular
equilibrium points and then the oblateness effect is
recorded on these orbits. Finally, the evolution of
orbits of infinitesimal mass about triangular equilibrium
points have been estimated by using Poincaré surface
of section technique and it is noticed that in presence
of oblateness, quasi-periodic orbit dominates over the
chaotic zones. These results will help in further study of
more generalised models with perturbations. This work
has been done in collaboration with Saleem Yousufl,
and Manoj Kumar.

Nagendra Kumar

Kelvin-Helmholtz instability
partially ionized plasmas

i flowing dusty and

The Kelvin-Helmholtz instability is a macroscopic
magnetohydrodynamic instability which arises at the
interface between two fluids in relative motion. It
has been extensively investigated to understand various
physical phenomena occurring in the environment of
space and interplanetary medium. We investigate the
effect of different flow velocities on KelvinHelmholtz
instability arising in partially ionized dusty plasmas.
The basic equations governing the motion of partially
ionized dusty plasma have been linearized to obtain the
dispersion relation by applying the boundary conditions.
Dispersion relation is solved numerically to discuss the
growth rate of unstable mode. It is found that unstable
mode doesnt appear in the absence of relative motion
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but our results show a stabilizing effect for lower values
of relative motion. It is also found that growth time
scale of unstable modes increases as the relative motion
increases and the flow in region without dust particles
has a dominant effect on growth rate of unstable mode.
This work has been done in collaboration with Harendra
Singhal, Meenakshi Yadav and Anil Kumar.

R. K. Sunil Kumar

Data Preprocessing Techniques for Handling Time
Series data for Environmental Science Studies

The present article discusses various preprocessing
techniques suitable for dealing with time series data
for environmental science-related studies. The errors
or noises due to electronic sensor fault, fault in the
communication channel, etc., are considered here. Such
errors or glitches that occur during the data acquisition
or transmission phases need to be eliminated before
it fed to the forecasting or classification systems.
Computationally simple and efficient techniques are
discussed here so that they can even be adopted for
a hard real-time system environment. While adopting
these techniques, we may also end up with some of the
real genuine values, which may consider as an outlier.
A special indicator function, the moving Inter Quartile
Range (MIQR) algorithm, is proposed to overcome such
special cases. This work has been done in collaboration
with Ebin Antony, N. S. Sreekanth, and Nishanth T.

Reconstruction of Phase Space and Figenvalue
Decomposition  from a Biological Time Series: A
Malayalam Speech Signal Case Study

Our objective is to describe the speech production
system from a non-linear physiological system
perspective and reconstruct the attractor from the
experimental speech data. Mutual information method
is utilized to find out the time delay for embedding.
The False Nearest Neighbour (FNN) method and
Principal Component Analysis (PCA) method are used
for optimizing the embedding dimension of time series.
The time series obtained from the typical non-linear
systems, Lorenz system and Rssler system, is used to
standardize the methods and the Malayalam speech
vowel time series of both genders of different age groups,
sampled at three sampling frequencies (16kHz, 32kHz,
44.1kHz), are taken for analysis. It was observed
that time delay varies from sample to sample and, it
ought to be better to figure out the time delay with
the embedding dimension analysis. The embedding

dimension is shown to be independent of gender, age
and sampling frequency and can be projected as five.
Hence a five-dimensional hyperspace will probably be
adequate for reconstructing attractor of speech time
series. This work has been done in collaboration with
K. M. Muraleedharan, K. T. Bibish Kumar, and Sunil
John.

Suresh Kumar

Remedy of some cosmological tensions via effective
phantom-like behavior of interacting vacuum enerqy

Since physics of the dark sector components
of the Universe is not yet well-understood, the
phenomenological studies of non-minimal interaction
in the dark sector could possibly pave the way to
theoretical and experimental progress in this direction.
Therefore, in this work, we intend to explore some
features and consequences of a phenomenological
interaction in the dark sector. We use the Planck 2018,
BAO, JLA, KiDS and HST data to investigate two
extensions of the base ACDM model, viz., (i) we allow
the interaction among vacuum energy and dark matter,
namely the IACDM model, wherein the interaction
strength is proportional to the vacuum energy density
and expansion rate of the Universe, and (ii) the
IACDM scenario with free effective neutrino mass and
number, namely the vYIACDM model. We also present
comparative analyses of the interaction models with the
companion models, namely, ACDM, vACDM, wCDM
and vwCDM. In both the interaction models, we find
non-zero coupling in the dark sector up to 99% CL with
energy transfer from dark matter to vacuum energy,
and observe a phantom-like behavior of the effective
dark energy without actual “phantom crossing”. The
well-known tensions on the cosmological parameters
Hy and og, prevailing within the ACDM cosmology,
disappear in these models wherein the vIACDM model
shows consistency with the standard effective neutrino
mass and number. Both the interaction models find
a better fit to the combined data compared to the
companion models under consideration.

Relaxing cosmological tensions with a sign switching
cosmological constant

Inspired by the recent conjecture originated from
graduated dark energy that the Universe has recently
transitioned from anti-de Sitter vacua to de Sitter vacua,
we extend the standard ACDM model by a cosmological
constant (Ag) that switches sign at a certain redshift
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zt, and we call this model A;(CDM. We discuss the
construction and theoretical features of this model in
detail and find out that, when the consistency of the
AsCDM model with the cosmic microwave background
(CMB) data is ensured, (i) z; 2 1.1 is implied by the
condition that the Universe monotonically expands, (ii)
Hy and Mp (type Ia supernovae absolute magnitude)
values are inversely correlated with z; and reach Hy ~
74.5 kms~! Mpc™! and Mp ~ —19.2mag for z; = 1.5,
in agreement with the SHOES measurements, and (iii)
H(z) presents an excellent fit to the Ly-o measurements
provided that z < 2.34. We further investigate the
model constraints by using the full Planck CMB data
set, with and without baryon acoustic oscillation (BAO)
data. We find that the CMB data alone does not
constrain z, but the CMB+BAO data set favors the
sign switch of Ag providing the constraint: z; = 2.44 &+
0.29 (68% C.L.). Our analysis reveals that the lower
and upper limits of z; are controlled by the Galaxy
and Ly-a BAO measurements, respectively, and the
larger z; values imposed by the Galaxy BAO data
prevent the model from achieving the highest local Hy
measurements. In general, the A;CDM model (i) relaxes
the Hy tension while being fully consistent with the tip
of the red giant branch measurements, (ii) relaxes the
M p tension, (iii) removes the discrepancy with the Ly-«
measurements, (iv) relaxes the Ss tension, and (v) finds
a better agreement with the big bang nucleosynthesis
constraints on the physical baryon density. We find
no strong statistical evidence to discriminate between
the A;CDM and ACDM models. However, interesting
and promising features of the A;CDM model, which we
describe in our study, provide an advantage over ACDM.
This work has been done in collaboration with Ozgur
Akarsu, Suresh Kumar, Emre Ozulker, and J. Alberto
Vazquez.

Vinjanampaty Madhurima

Hydrogen  bonding in  1-Propanol-Ethanol
mixture: reperimental and modeling approaches

binary

Hydrogen bonds between the constituent molecules
determine the physical properties of binary liquids. In
this work, we explore the nature of hydrogen bonding
in ethanol-propanol system through experimental
and computational techniques. The refractive index,
dielectric spectroscopy and infrared spectroscopy
along with molecular dynamic simulations of
1-propanol-ethanol binary system over the entire
concentration range are reported here. The excess

static permittivity and excess relaxation time shows
the evidence of hydrogen bonded multimer structures.
The deconvoluted OH peaks from IR spectra indicate
the presence of trimers, tetramers and pentamers. The
linear decrease in refractive index indicates the absence
of caged structures. Molecular Dynamics simulations
confirm the presence of the multimers and the absence
of caged structures. Radial distribution function shows
the binary mixtures exhibit no structural change
throughout the concentration range. We also examine
the H-bonding networks present in these systems via
graph theoretic analysis.. This work has been done in
collabration with Swathi P V, Abdulkareem U, and
Thejus R Kartha.

Hydrogen bonding in 1-Hexanol-Acetone binary mizture:
molecular dynamics study

Our previous studies on various hydrogen-bonded
binary systems have shown anomalous physico-chemical
properties at lower (10-30 %) volume concentrations
of either one or both of the components[l]. In order
to have a better understanding of this phenomenon,
a systematic molecular dynamics study of binary
mixtures of acetone with 8 primary alcohols (R-OH,
with R = 1 to 8) was undertaken. The radial
distribution function results indicate that the hydrogen
bond distribution among alcohols in R=(1, 2) increases
as the concentration of acetone increases, indicating
the hydrogen bond networks are not disrupted by
acetone, unlike that of higher alcohols. It is also seen,
from the hydrogen bond statistics, that the number
of acetone-alcohol hydrogen bonds are predominant
for R= (3, 4, 6) and the hydrogen bonds between
alcohols a for the rest, suggesting R= (3, 4, 6)
are attractive to acetone compared to other alcohols.
The hydrogen bond networks are visualized using the
graph-theoretical approach to get a clearer picture of
their hydrogen-bonding network. With an increase in
acetone concentration, the average number of degrees of
association decreases for all systems, showing an overall
decrease in hydrogen bond multimers structures. This
work has been done in collabration with Abdulkareem
U, and Thejus R Kartha.
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Bibhas R. Majhi

Kinematics and dynamics of null hypersurfaces in the
FEinstein-Cartan spacetime and related thermodynamic
interpretation

A general geometric construction of a generic null
hypersurface in presence of torsion in the spacetime
(Riemann-Cartan background), generated by a null
vector [*, is being developed here. We then
explicitly define and structure various corresponding
kinematical quantities. The dynamics of the null
surface, particularly given by Gapk®1?, is also discussed.
The later one is constructed under the geodesic
constraint condition. This yields a relation among
the rate of change of expansion scalar corresponding
to auxiliary null vector k% and various kinematical
entities on the null surface. Using this relation we
show that the Einstein-Cartan-Kibble-Sciama equation
(which provides the dynamics of the metric and the
torsion tensor) on this null hypersurface acquires a
thermodynamic interpretation. The thermodynamic
entities like temperature, entropy density, energy and
pressure are properly identified. In the whole analysis
we adopt the geometrical field interpretation of torsion
and all discussions are done in a covariant manner. This
work has been done in collabration with Sumit Dey.

Thermal nature of a generic null surface

Dynamical properties of a generic null surface are
known to have a thermodynamic interpretation. Such
an interpretation is completely based on an analogy
between the usual law of thermodynamics and structure
of gravitational field equation on the surface. Here
we materialise this analogy and show that assigning
a temperature on the null surface for a local observer
is indeed physically relevant. We find that for a local
frame, chosen as outgoing massless chargeless particle
(or field mode), perceives a “local unstable Hamiltonian”
very near to the surface. Due to this it has finite
quantum probability to escape through acausal null path
which is given by Maxwell-Boltzmann like distribution,
thereby providing a temperature on the surface. This
work has been done in collaboration with Surojit Dalui,
and T. Padmanabhan.

Manzoor A. Malik

Airglow-imager based observation of possible influences
of subtropical mesospheric gravity waves on F-region
ionosphere over Jammu € Kashmir, India

As a joint research collaboration between the National
Atmospheric Research Laboratory (NARL), and the
University of Kashmir (KU), NARL installed an
all-sky airglow CCD imager (with centre wavelengths
of 630 nm, 557.7 nm [2 nm band widths] and 840
nm [150 nm wide band with blocking notch at 866
nm to avoid the contamination of molecular oxygen
emissions]) in the University campus in Srinagar
(75E, 34N, geographic), Jammu and Kashmir, India
(western Himalayan region). To understand the upper
atmospheric dynamics and ionospheric electrodynamics
and their associated physical coupling mechanisms, the
imager observes airglow emissions of OH molecules ( 85
km height; 840 nm) and atomic oxygen occurring at
the heights of 97 km (557.7 nm) and 250 km (630
nm). Airglow observations in Kashmir commenced in
the night of August 11, 2017 and the present work
reports on the characteristics of first-time observation
of Medium Scale Travelling Ionospheric Disturbances
(MSTIDs with horizontal wavelengths of 100300 km)
over Kashmir region during 20:3022:30 IST (Indian
standard time) on August 15, 2017 (India independence
day). Initially, the phase front of MSTIDs was aligned
along the north-west and south-east direction and
moved at 57 m/s towards the south-west direction
and finally the westward direction by aligning along
the meridian before they disappeared. Along with
SAMI-3 ionospheric model simulations, simultaneous
multiwavelength airglow observations indicate that
secondary gravity waves generated due to dissipation
of upward propagating mesospheric gravity waves in
the heights of 8595 km would have contributed to
the generation of MSTIDs in the F region ionospheric
plasma through electrodynamical coupling between the
E and F region (Perkins instability) ionosphere. This
work has been done in collaboration with T. K.
Ramkumar, Bilal A. Ganaie, and Aashiq H. Bhat.

traveling
plasma

Simultaneous detection of medium-scale
ionospheric  disturbances and ionospheric
irreqularities over Srinagar, J& K, India

We report some ionospheric phenomena that occurred
on September 23, 2019 observed by an airglow imager
installed at University of Kashmir, Srinagar, India
(34.08N, 74.79E, and 25.91N magnetic latitude). The
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various phenomena observed on this night are as
follows: (1) The wave-like structures near the dusk
time having phase fronts aligned along Northwest
to Southeast direction and moving southwestward,
classified as nighttime medium-scale traveling
ionospheric disturbance. (2) Simultaneous observation
of mnorthwestward-moving nighttime medium-scale
traveling ionospheric disturbances and eastward-drifting
plasma irregularity and (3) The westward reversal of
field-aligned plasma irregularity and K-shaped depletion
structure formation post-midnight. We analyze their
characteristics and evolution processes in detail. The
plasma irregularity seems to be the signature of locally
generated plasma irregularities at low-mid-latitude
transition region as the radar observations from a
geomagnetic low-latitude station (Gadanki, India;
13.5N, 79.2E, Magnetic latitude  6.5N) do not show
any signatures of equatorial plasma bubbles during
this night. It is interesting to note that the westward
reversal of plasma irregularity occurred even when the
geomagnetic conditions were at quiet levels (Kp 0
to 14). Though the observed nighttime MSTIDs and
plasma irregularity bands are two different events, yet
the structures appear to interact with each other, the
apparent mechanism leading to the quiet time westward
reversal of plasma irregularity structures at midnight
and the development of complex K-shaped depletion
structure. Interaction between these phenomena and
their observed characteristic features is also discussed.

This work has been done in collaboration with
Aashiq Hussain Bhat, Bilal Ahmad Ganaiel,and T. K.
Ramkumar.

Irom A. Meitei

Quantum gravity corrections to tunneling of spin-1/2
fermions from Kerr-Newman Black Hole

In this paper, we solve the Dirac equation in curved
space-time, modified by the generalized uncertainty
principle, in the presence of an electromagnetic field.
Using this, we study the tunneling of 1/2 spin fermions
from Kerr-Newman black hole. Corrections to the
Hawking temperature and entropy of the black hole due
to quantum gravity effects are also discussed. This work
has been done in collaboration with A. K. Singh, T. L.
Singh, and K. Y. Singh.

Quantum gravity effects on tunneling of fermions across
the event horizon of rotating BTZ black hole

In this paper, the tunneling of fermions across the event
horizon of rotating BTZ black hole is investigated by
using Dirac equation in the presence of quantum gravity
effects, WKB approximation and Feynman prescription.
The tunneling probability and the modified Hawking
temperature near the event horizon of rotating BTZ
black hole are obtained. The quantum gravity effects
reduce the rise of Hawking temperature of rotating BTZ
black hole. The correction to the Bekenstein-Hawking
entropy and the heat capacity near the event horizon of
rotating BTZ black hole are also discussed. This work
has been done in collaboration with S. Gayatri Devi,
and T. Ibungochouba Singh and K. Yugindro Singh..

Hameeda Mir

Gravitational partition function modified by super-light
brane world perturbative modes

In this paper, we will analyze the effects of super-light
brane world perturbative modes on clustering of
galaxies. In present manuscript, we use the Boltzmann
and Tsallis statistical approaches to study the large
distance modification of gravity in the brane world. The
impact of modified potential on clustering of galaxies
is analyzed in both the approaches. The infinities
associated with Newtonian point mass approximation
of gravity models is removed using the analytical
extensions. The regularized and finite partition
function is obtained for the system of galaxies in
the brane world model and is used to evaluate the
regularized thermodynamic properties of the system
in the form of equations of state. Hence, we
study thermodynamic quantities and discuss about the
thermodynamic stability of the model. We find that
large number of galaxies may lead to the thermodynamic
instability. This work has been done in collaboration
with B. Pourhassan, M.C.Rocca, and Aram Bahroz
Brzo.

Generalized theory of clustering of extended galaxies
with core halos

We discuss the clustering of core halo-galaxies of
radius predicted by gravitational lensing. We
appeal to a blend of recent 1) mathematical results
and 2) statistical mechanics techniques. The
exact configurational integrals of extended galaxies
is evaluated together with the pertinent partition
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functions, the corresponding thermodynamics, and
the distribution function. We are motivated by
data regarding observational deflections and measured
Einstein radius in gravitational microlensing and
macrolensing. The halo size comparable with that of
the Einstein radius or the Schwarzchild one, is taken as
the lower limit of the configurational integral. The work
may provide new insight with regards to gravitational
lensing. Giant arcs produced by gravitational lensing,
as observed from clusters of galaxies, seem to require the
inclusion of substantial quadruple and higher multipole
moments in the cluster potential.  This opens a
possibility of "modified gravities” , in clustering studies
that compare data associated to gravitational lensing.
This study has been done in collaboration with A.
Plastino, M.C.Rocca, D. J. Zamora.

Bivudutta Mishra

Rip  cosmological
teleparallel gravity

models in  extended symmetric

In this paper we have investigated some rip cosmological
models in an extended symmetric teleparallel gravity
theory. We consider the form f(Q,T) = aQ™ + 0T
in the Einstein-Hilbert action and expressed the field
equations and the dynamical parameters in terms of
the non-metricity ). Three rip models such as Little
Rip, Big Rip and Pseudo Rip are presented. The
energy conditions and the cosmographic parameters are
derived and analysed for all these models. This work
has been done in collaboration with Laxmipriya Pati,
S.A. Kadam,and S.K. Tripathy.

Bouncing cosmology in extended gravity and its
reconstruction as dark energy model

In this paper, we have presented a bouncing
cosmological model of the Universe in an extended
theory of gravity. The dynamical behaviour of the model
obtained from the flat FLRW space-time along with the
violation of null energy condition have been shown. The
geometrical parameters show singularity behaviour at
the bouncing epoch. The parameters involved in the
scale factor play a major role in the bouncing behaviour.
In addition, the coupling parameter that resulted in
the minimal matter-geometry coupling in the extended
gravity has significant role to avoid the singularity of
equation of state parameter at the bouncing epoch.
Using a linear homogeneous perturbation calculation,
we show the stability of the model. This work has

been done in collaboration with A.S. Agrawal, Francisco
Tello-Ortiz, and S.K. Tripathy.

Sajahan Molla
Analytical model on mass limits of strange stars

In this paper, we present a new kind of stellar model
using the Nariai IV metric.  This model can be
used to study the strange/quark stars (which is our
current interest, although it can also be applicable
to neutron stars). We present a massradius region
where all regularity conditions, energy conditions, the
TOV equation, and stability conditions are satisfied.
According to our model, strange stars with masses up
to 1.9165Ma(= 2.81 km) are stable. A strange star
with a mass greater than 1.9165M, violates the stability
conditions. This model can be very useful to predict the
radius of strange stars with a mass greater than 1Mg.
This work has been done in collaboration with Masum
Murshid and Mehedi Kalam

Hemwati Nandan

Optical and thermodynamic properties of a rotating
dyonic black hole spacetime in N = 2,U(1)? gauged
supergravity

The null geodesics and the distance of closest
approach for photon around a rotating dyonic black
hole in N = 2 U(1)? gauged supergravity is
studied. = The phenomenon of black hole shadows
with various black hole parameters has also analyzed.
Further, the investigation of various thermodynamic
properties for this black hole is performed with various
thermodynamic parameters at the horizon. The heat
capacity to study the thermodynamic stability of this
black hole spacetime is also studied. The influence for
different values of the black hole parameters v, e, v, g
and N, on the phenomenon of black hole shadows and
thermodynamic parameters is also investigated visually.
This work has been done in collaboration with Prateek
Sharma, Hemwati Nandan, Uma Papnoi, and Arindam
Kumar Chatterjee

Stability analysis of circular orbits around a traversable
wormhole with massless conformally coupled scalar field

We study the stability of circular orbits in the
background of a traversable wormhole (TWH)
spacetime obtained as a solution of Einsteins field
equations coupled conformally to a massless scalar
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field. The Lyapunov stability approach is employed
to determine the stability of circular orbits (timelike
and null) of non-spinning test particles around a TWH
spacetime. In the case of timelike geodesics, the particle
is confined to move in four different types of effective
potentials depending on various values of the angular
momentum L with both centrifugal and gravitational
part. The effective potential for null geodesics consists
of only a centrifugal part. Further, we characterize each
fixed point according to its Lyapunov stability, and
thus classify the circular orbits at the fixed point into
stable center and unstable saddle points by depicting
the corresponding phase-portraits. This work has been
done in collaboration with Shobhit Giri, Lokesh Kumar
Joshi , and Sunil D. Maharaj

Dibyendu Nandi

Solar evolution and extrema: current  state of
understanding of long-term solar wvariability and its
planetary impacts

The activity of stars such as the Sun varies over
timescales ranging from the very short to the very
long—stellar and planetary evolutionary timescales.
Experience from our solar system indicates that
short-term, transient events such as stellar flares
and coronal mass ejections create hazardous space
environmental conditions that impact Earth-orbiting
satellites and planetary atmospheres. Extreme events
such as stellar superflares may play a role in atmospheric
mass loss and create conditions unsuitable for life.
Slower, long-term evolutions of the activity of Sun-like
stars over millennia to billions of years result in
variations in stellar wind properties, radiation flux,
cosmic ray flux, and frequency of magnetic storms.
This coupled evolution of star-planet systems eventually
determines planetary and exoplanetary habitability.
The Solar Evolution and Extrema (SEE) initiative
of the Variability of the Sun and Its Terrestrial
Impact (VarSITI) program of the Scientific Committee
on Solar-Terrestrial Physics (SCOSTEP) aimed to
facilitate and build capacity in this interdisciplinary
subject of broad interest in astronomy and astrophysics.
In this review, we highlight progress in the major
themes that were the focus of this interdisciplinary
program, namely, reconstructing and understanding
past solar activity including grand minima and maxima,
facilitating physical dynamo-model-based predictions
of future solar activity, understanding the evolution
of solar activity over Earth’s history including the

faint young Sun paradox, and exploring solar-stellar
connections with the goal of illuminating the extreme
range of activity that our parent star—the Sun—may
have displayed in the past, or may be capable of
unleashing in the future. This work has been done
in collaboration with Petrus C. H. Martens, Vladimir
Obridko, Soumyaranjan Dash and Katya Georgieva

Modelling the imposed magnetospheres of Mars-like
exoplanets: star-planet interactions and atmospheric
losses

Based on 3D compressible magnetohydrodynamic
simulations, we explore the interactions between the
magnetized wind from a solar-like star and a Mars-like
planet - with a gravitionally stratified atmosphere -
that is either non-magnetized or hosts a weak intrinsic
dipolar field. The primary mechanism for the induction
of a magnetosphere around a non-magnetized con-
ducting planet is the pile-up of stellar magnetic fields
in the day-side region. The magnetopause stand-off
distance decreases as the strength of the planetary
dipole field is lowered and saturates to a minimum
value for the case of a planet with no magnetic field.
Global features such as bow shock, magnetosheath,
magnetotail, and strong current sheets are observed in
the imposed magnetosphere. We explore variations in
atmospheric mass loss rates for different stellar wind
strengths to understand the impact of stellar magnetic
activity and plasma winds - and their evolution - on
(exo)planetary habitability. In order to simulate a case
analogous to the present-day Mars, a planet without
atmosphere is considered. Our simulations are found to
be in good agreement with observational data from Mars
Global Surveyor and Mars Atmosphere and Volatile
EvolutioN missions and is expected to complement
observations from the Emirates (Hope) Mars Mission,
China’s Tianwen-1 and NASA’s Mars 2020 Perseverance
mission. This work has been done in collaboration with
Arnab Basak.

P. R Prince

A study of the characteristic properties of SEP events
observed by SOHO ERNE during solar cycle 24

Properties and association of Solar Energetic Particle
(SEP) events with their solar sources during the 24th
solar cycle were examined. SEPs observed by SOHO
ERNE were used. SEP properties include solar release
time, peak proton flux and total fluence in different
energy channels. Solar release times of SEP events were
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found out using Velocity Dispersion Analysis (VDA). It
is observed that for low Coronal Mass Ejection (CME)
velocities, the difference between SEP and CME release
times is larger compared to that for high velocities.
For SEPs associated with C class Solar Flares (SF),
the average time difference in the release times is
around 78minutes, whereas in M and X class flares
the time differences are 38 and 31 minutes respectively.
Correlation analysis of proton peak flux with the CME
speed and SF peak flux reveals that the coefficients
decrease with increase in particle energy in both the
cases. The correlation coefficient between total proton
fluence of SEP and the peak flux of SF is moderate and
decrease with increase in energy and tends to increase
beyond 60MeV. The correlation between total proton
fluence and CME speed is high and it increases initially
and then decrease with increase in energy. The analysis
of H/He ratio of SEP events shows that the average
value of the ratio extends from 16 to 837. This work
has been done in collaboration with M.S. Biji.

Biswajit Pandey

On the origin of red spirals: does assembly bias play a
role?

The formation of the red spirals is a puzzling issue in
the standard picture of galaxy formation and evolution.
Most studies attribute the colour of the red spirals to
different environmental effects. We analyze a volume
limited sample from the SDSS to study the roles of
small-scale and large-scale environments on the colour
of spiral galaxies. We compare the star formation
rate, stellar age and stellar mass distributions of the
red and blue spirals and find statistically significant
differences between them at 99.9% confidence level. The
red spirals inhabit significantly denser regions than the
blue spirals, explaining some of the observed differences
in their physical properties. However, the differences
persist in all types of environments, indicating that
the local density alone is not sufficient to explain
the origin of the red spirals. Using an information
theoretic framework, we find a small but non-zero
mutual information between the colour of spiral galaxies
and their large-scale environment that are statistically
significant (99.9% confidence level) throughout the
entire length scale probed. Such correlations between
the colour and the large-scale environment of spiral
galaxies may result from the assembly bias. Thus both
the local environment and the assembly bias may play
essential roles in forming the red spirals. The spiral

galaxies may have different assembly history across all
types of environments. We propose a picture where
the differences in the assembly history may produce
spiral galaxies with different cold gas content. Such a
difference would make some spirals more susceptible to
quenching. In all environments, the spirals with high
cold gas content could delay the quenching and maintain
a blue colour, whereas the spirals with low cold gas
fractions would be easily quenched and become red.
This study has been done in collaboration with Suman
Sarkar, and Apashanka Das

Green valley galazies in the cosmic web: internal versus
environmental quenching

We analyze the SDSS data to classify the galaxies based
on their colour using a fuzzy set-theoretic method and
quantify their environments using the local dimension.
We find that the fraction of the green galaxies does
not depend on the environment and 10% — 20% of
the galaxies at each environment are in the green
valley depending on the stellar mass range chosen.
Approximately 10% of the green galaxies at each
environment host an AGN. Combining data from the
Galaxy Zoo, we find that ~ 95% of the green galaxies
are spirals and ~ 5% are ellipticals at each environment.
Only ~ 8% of green galaxies exhibit signs of interactions
and mergers, ~ 1% have dominant bulge, and ~ 6%
host a bar. We show that the stellar mass distributions
for the red and green galaxies are quite similar at each
environment. Our analysis suggests that the majority of
the green galaxies must curtail their star formation using
physical mechanism(s) other than interactions, mergers,
and those driven by bulge, bar and AGN activity. We
speculate that these are the massive galaxies that have
grown only via smooth accretion and suppressed the star
formation primarily through mass driven quenching.
Using a Kolmogorov-Smirnov test, we do not find any
statistically significant difference between the properties
of green galaxies in different environments. We conclude
that the environmental factors play a minor role and the
internal processes play the dominant role in quenching
star formation in the green valley galaxies. This study
has been done in collaboration with Apashanka Das, and
Suman Sarkar.
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Amit Pathak

Theoretical study of infrared spectra of interstellar PAH
molecules with N, NH ¢ NHy incorporation

This work presents theoretical calculations of infrared
spectra of nitrogen (N)-containing polycyclic aromatic
hydrocarbon (PAH) molecules with the incorporation
of N, NH, and NH;y using density functional theory
(DFT). The properties of their vibrationalmodes in
2-15 pm are investigated in relation to the Unidentified
Infrared (UIR) bands. It is found that neutral PAHs,
when incorporated with NHs and N (at inner positions),
produce intense infrared bands at 6.2, 7.7, and 8.6 um
that have been normally attributed to ionized PAHs so
far. The present results suggest that strong bands at
6.2 and 11.2 pm can arise from the same charge state of
some N-containing PAHs, arguing that there might be
some N-abundant astronomical regions where the 6.2 to
11.2 pm band ratio is not a direct indicator of the PAHs’
ionization. PAHs with NHy and N inside the carbon
structure show the UIR band features characteristic to
star-forming regions as well as reflection nebulae (Class
A), whereas PAHs with N at the periphery have similar
spectra to the UIR bands seen in planetary nebulae and
post-AGB stars (Class B). The presence of N atoms at
the periphery of a PAH may attract H or HT to form
N-H and N-Hs bonds, exhibiting features near 2.9-3.0
pm, which are not yet observationally detected. The
absence of such features in the observations constrains
the contribution of NH and NH, substituted PAHs that
could be better tested with concentrated observations in
this range. However, PAHs with N without H either at
the periphery or inside the carbon structure do not have
the abundance constraint due to the absence of 2.9-3.0
pm features and are relevant in terms of positions of
the UIR bands. Extensive theoretical and experimental
studies are required to obtain deeper insight. This work
has been done in collaboration with A. Vats, T. Onaka,
M. Buragohain, I. Sakon, and I. Endo.

Chemical complexity of phosphorous bearing species in
various regions of the Interstellar medium

Phosphorus-related species are not known to be as
omnipresent in space as hydrogen, carbon, nitrogen,
oxygen, and sulfur-bearing species. Astronomers
spotted very few P-bearing molecules in the interstellar
medium and circumstellar envelopes. Limited discovery
of the P-bearing species imposes severe constraints
in modeling the P-chemistry. In this paper,
we carry out extensive chemical models to follow

the fate of P-bearing species in diffuse clouds,
photon-dominated or photodissociation regions (PDRs),
and hot cores/corinos. We notice a curious correlation
between the abundances of PO and PN and atomic
nitrogen. Since N atoms are more abundant in diffuse
clouds and PDRs than in the hot core/corino region,
PO/PN reflects <1 in diffuse clouds, =1 in PDRs,
and >1 in the late warm-up evolutionary stage of
the hot core/corino regions. During the end of the
post-warm-up stage, we obtain PO/PN >1 for hot
core and <1 for its low-mass analog. We employ a
radiative transfer model to investigate the transitions
of some of the P-bearing species in diffuse cloud and
hot core regions and estimate the line profiles. Our
study estimates the required integration time to observe
these transitions with ground-based and space-based
telescopes.  We also carry out quantum chemical
computation of the infrared features of PHs, along with
various impurities. We notice that SOs overlaps with
the PH3 bending-scissoring modes around ~ 1000-1100
cm™'. We also find that the presence of COs can
strongly influence the intensity of the stretching modes
around ~ 2400 cm~! of PHz. This Work has been
done in collaboration with M. Sil, S. Srivastav, B. Bhat,
S.K. Mondal, P. Gorai, R. Ghosh, T. Shimonishi, S.K.
Chakrabarti, and B. Sivaraman.

Bikash C. Paul

Dynamical Wormbholes for Emergent Universe Scenario:

A flat emergent universe (EU) in Einstein gravity
with non-linear equation of state (nEoS) is obtained
in the usual four and in higher dimensions. The
EU is evolved from an initial Einstein static universe
(ESU) in the infinite past and there is no singularity.
For a homogeneous Ricci scalar the shape function
is determined to obtain a new class of dynamical
wormholes that permits EU which emerged from the
throat of the wormhole in the infinite past. An
interesting observation is that nEoS p = Ap — B\/p
is equivalent to three different cosmic fluids which is
identified with the barotropic fluids for a given A. We
obtain EU models in flat, closed and open universes and
probed the null energy condition (NEC). At the throat
of the wormhole which is recognized as the seed of ESU,
the NEC is tested for a given size of the neck. As the
EU evolves from an asymptotic past and approaches
t = 0, it is found that NEC does not respect. This
triggers the onset of interactions at ¢t = ¢;, and a realistic
flat EU scenario thus can be obtained in four and in
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higher dimensions. The origin of the ESU at the throat
of the wormhole is also explored via a gravitational
instanton mechanism. We compare the relative merits
of dynamical wormholes for implementing such EU.

Anisotropic strange stars in FEinstein Gauss-Bonnet
Gravity with Finch-Skea metric:

A class of new anisotropic relativistic solutions are
obtained in Einstein Gauss-Bonnet (EGB) gravity with
Finch-Skea metric in the hydrostatic equilibrium. Using
the relativistic solutions anisotropic stellar models for
strange star are constructed with MIT Bag equation
of state p, = %(pélB) where B is the Bag constants.
Considering the mass and radius of a known star
PSR J0348+0432 we construct stellar models in the
framework of higher dimensions. We also predict
the mass and radius of stars for different model
parameters. The Gauss-Bonnet coupling term « is
found to play an important role in determining the
density, pressure, anisotropy profiles and other features.
The stability of the stellar models are probed analyzing
the different energy conditions, variation of sound speed
and adiabatic stability conditions inside the star. The
central density and pressure of a star in EGB gravity
are found to have higher values compared to that one
obtains in Einstein gravity (o= 0). We also explore
the effect of extra dimensions for the physical features
of a compact object. Realistic stellar models are found
for a given set of model parameters and D = 5 and
D = 6 dimensions are taken too compare the results.
For D = 5, it is found that @« > 0 or a < 0 are
permitted but in D = 6 only @ < 0 permitted for
stars with Finch-Skea geometry. The best fit values of
the model parameters are determined for a number of
observed stars for their acceptability.

Ananta C. Pradhan

Study of UV bright sources in globular cluster NGC
4590 wusing Ultraviolet Imaging Telescope (UVIT)
observations

We have studied ultraviolet (UV) bright sources in
the Galactic globular cluster (GGC) NGC 4590 using
Ultraviolet Imaging Telescope (UVIT) on-board the
AstroSat satellite. Using UV-optical color-magnitude
diagrams (CMDs), we have identified and characterized
the sources of different evolutionary stages i.e.,
blue horizontal branch stars (BHBs), extremely blue
horizontal branch stars (EHBs), blue straggler stars
(BSs), variable stars, etc. ~We estimated effective

temperature (Teg), gravity (log(g)), luminosity (Lyo:),
and hence the radius (R) of these hot stars by fitting
spectral energy distribution (SED) with the help of
stellar atmosphere models. Two new far-UV (FUV)
bright cluster member stars situated near the core of
the cluster have been detected; one of them is an
EHB star and the other one is either in its post-blue
hook evolutionary phase or in white dwarf phase. The
evolutionary status of all the hot stars, identified in
the cluster, has been investigated by using various
evolutionary models. We find the massive and younger
BSs are concentrated at the center of the cluster whereas
the older and less massive BSs are distributed though
out the cluster. The BSs normalized radial distribution
seems to be bi-modal with a minimum located at
T'min = 4.3 1.. We calculated AT parameter of the
cluster which is obtained using cumulative normalized
radial distribution of horizontal branch stars (HBs)
and BSs. We measured this value up to half-mass
radius of the cluster to be +0.13, which indicates
that NGC 4590 is one of the youngest clusters among
dynamically intermediate age GGCs with a dynamical
age of 0.423+£0.096 Gyr. This work has been carried out
in collaboration with Ranjan Kumar, M. Parthasarathy,
Sonika Piridi, Santi Cassisi, Devendra K. Ojha, Abhisek
Mohapatra, and Jayant Murthy

UVIT study of UV bright stars in the globular
cluster NGC' 4147Study of Structure of Our Galaxy
Using Ultraviolet Star Counts of GALEX and
UVIT-ASTROSAT Surveys

We present far ultraviolet (FUV) observations of
globular cluster NGC 4147 using three FUV filters,
BaF2 (F154W), Sapphire (F169M), and Silica (F172M)
of Ultra-Violet Imaging Telescope (UVIT) on-board
the AstroSat satellite. ~ We confirmed the cluster
membership of the UVIT observed sources using proper
motions from Gaia data release 2 (GAIA DR2). We
identified 37 blue horizontal branch stars (BHBs),
one blue straggler star (BSS) and 15 variable stars
using UV-optical color magnitude diagrams (CMDs).
We find that all the FUV bright BHBs are second
generation population stars. Using UV-optical CMDs,
we identify two sub-populations, BHB1 and BHB2,
among the UV-bright BHBs in the cluster with stars
count ratio of 24:13 for BHB1 and BHB2. The effective
temperatures (Teg) of BHB1 and BHB2 were derived
using color-temperature relation of BaSTI-IAC zero-age
horizontal branch (ZAHB). We found that BHBI1 stars
are more centrally concentrated than BHB2 stars. We
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also derive physical parameters of the detected FUV
bright BSS by fitting younger age BaSTI-IAC isochrones
on optical and UV-optical CMDs.  This work is
done in collaboration with Ranjan Kumar, Mudumba
Parthasarathy, Devendra K. Ojha, Abhisek Mohapatra,
Jayant Murthy, and Santi Cassisi.

Anirudh Pradhan

Quark stars in f(R,T) gravity with an interacting quark
equation of state

The current trend concerning dense matter physics
at sufficiently high densities and low temperatures is
expected to behave as a degenerate Fermi gas of quarks
forming Cooper pairs, namely a color superconductor,
in the core of compact objects. In this context, we
study the anisotropy of quark stars (QSs) assuming the
internal composition to be comprised of homogeneous,
charge neutral 3- flavor interacting quark matter with
O(m?) corrections. Using the equation of state (EoS)
with the Tolman-Oppenheimer-Volkoff (TOV) structure
equations, we perform numerical calculation for quark
stars and determine the maximum mass-radius relation
in the context of 4D Einstein-Gauss-Bonnet (EGB)
gravity.  In particular, we consider the effects of
Gauss-Bonnet (GB) coupling constant on the diagrams
related to mass-radius (M - R) relation and the
mass-central mass density (M — p.) relation of QSs.
We pay particular attention to the influence of the
anisotropy in the equilibrium and stability of strange
stars. We also study the other properties of QSs related
to compactness and binding energy. Interestingly,
our result provides circumstantial evidence in favor of
super-massive pulsars in 4D EGB gravity. This work
has been done in collaboration with T. Tangphati, A.
Banerjee and S. Hanraj.

Electrically Charged Quark
Einstein-Gauss-Bonnet Gravity

Stars m 4D
In this work we study the properties of compact
spheres made of a charged perfect fluid with a
MIT bag model EoS for quark matter. Considering
static spherically symmetric spacetime we derive the
hydrostatic equilibrium equations in the recently
formulated four dimensional Einstein-Gauss-Bonnet
(4D EGB) gravity theory. In this setting, the modified
TOV equations are solved numerically with the aim to
investigate the impact of electric charge on the stellar
structure. A nice feature of 4D EGB theory is that the
Gauss-Bonnet term has a non-vanishing contribution

to the gravitational dynamics in 4D spacetime. We
therefore analyse the effects of Gauss-Bonnet coupling
constant o and the charge fraction 8 on the mass-radius
(M-R) diagram and also the mass-central density (M —
pe) relation of quark stars. Finally, we conclude that
depending on the choice of coupling constant one could
have larger mass and radius compared with GR and can
also be relevant for more massive compact objects due
to the effect of the repulsive Coulomb force. This work
has been done in collaboration with Jaun M. Z. Pretel,
and A. Banerjee.

Anisur Rahaman

Bumblebee gravity with a Kerr-Sen-like solution and its
Shadow

Lorentz-Violating (LV) scenario gets involved through
a bumblebee field vector field B,. A spontaneous
symmetry breaking allows the field to acquires a vacuum
expectation value that generates LV into the system. A
Kerr-Sen-like solution has been found out starting from
the generalized form of a radiating stationery axially
symmetric black-hole metric. We compute the effective
potential offered by the null geodesics in the bumblebee
rotating black-hole spacetime. The shadow has been
sketched for different variations of the parameters
involved in the system. A careful investigation has been
carried out to study how the shadow gets affected when
Lorentz violation enters into the picture. The emission
rate of radiation has also been studied and how it varies
with the LV parameter ¢ is studied scrupulously.

This work has been done in collaboration with S. K.
Jha

A model of boson in (1 + 1) dimension with the
non-covariant masslike term for the gauge field

We consider the gauged model of Siegel type chiral
boson with a Lorentz non-covariantmass-like term for
the gauge fields which is found to be equivalent to a
model of bosonwhere the kinetic term is like the kinetic
term of Floreanini-Jackiw type chiral boson. Wecarry
out the quantization of gauge non-invariant version
this model in both the Lagrangianand Hamiltonian
formulation. The quantization of the gauge-invariant
version of this modelin the extended phase space also
has been carried out in the Lagrangian formulation.
Thegauge-invariant version of this model in the
extended phase space is found to map onto thephysical
phase space with the appropriate gauge fixing condition.
BRST symmetry associ-ated with this model has been
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studied with different gauge fixing terms. It has
been shownthat the same model shows off-shell as well
as on-shell BRST invariance depending on thechoice
of gauge fixing term. This work has been done in
collaboration with S. Absar, and S. Ghoshal

Farook Rahaman
Thin accretion disks around traversable wormholes

In this paper, we aim to investigate various physical
properties and characteristics of radiation emerging
from the surface of the accretion disks, in a rotating
traversable axially symmetric wormhole spacetime of
the Teo class.  We have studied the marginally
stable orbits and accretion efficiency graphically,
corresponding to different values of dimensionless spin
parameter J/M? ranging from 0.2 to 1.5 and some
values of the throat radius r¢, in comparison to the Kerr
black hole with the same parameter values, and also
tabulated the results. The energy flux radiated by the
accretion disk F'(r), the temperature distribution 7'(r)
and the emission spectra v L(v) is plotted, corresponding
to varying values of the dimensionless spin parameter
J/M? and throat radius ro. Also, the critical frequency
at which the luminosity attains its maximum value,
for various values of the angular momentum of the
wormhole J/M? and 7 is tabulated. Lastly, we have
employed ray-tracing technique, to produce the intensity
map of the image of an accretion disk, as observed by
an asymptotic observer, under two conditions: firstly
when the disk is on the same side as the observer and
we have also compared those with the images of an
accretion disk in case of Kerr black hole with same
parameters. Secondly, the images have been provided
when the disk and observer are on opposite sides of the
throat. This study may help to detect and distinguish
wormhole geometries from other compact objects. This
work has been done in collaboration with B Samanta,
R Islam, T Manna, S Aktar, M Mondal.

Shadows of Lorentzian traversable wormholes

The prospect of identifying wormholes by investigating
the shadows of wormholes constitute a foremost source
of insight into the evolution of compact objects and
it is one of the essential problems in contemporary
astrophysics.  The nature of the compact objects
(wormholes) plays a crucial role on shadow effect, which
actually arises during the strong gravitational lensing.
Current Event Horizon Telescope observations have
inspired scientists to study and to construct the shadow

images of the wormholes. In this work, we explore the
shadow cast by a certain class of rotating wormhole.
To search this, we first compose the null geodesics and
study the effects of the parameters on the photon orbit.
We have exposed the form and size of the wormhole
shadow and have found that it is slanted as well as can
be altered depending on the different parameters present
in the wormhole spacetime. We also constrain the size
and the spin of the wormhole using the results from
MS8T7* observation, by investigating the average diameter
of the wormhole as well as deviation from circularity
with respect to the wormhole throat size. In a future
observation, this type of study may help to indicate the
presence of a wormhole in a galactic region. This work
has been done in collaboration with N Singh, R Islam,
T Manna,and S Aktar.

Chayan Ranjit

Analysis  of different scenarios with new tsallis
holographic dark energies and bulk viscous fluid in the
framework of Chern—Simons modified gravity

In this work we perform an observational data analysis
on the energy momentum squared gravity model.
Possible solutions for matter density are obtained
from the model and their cosmological implications
are studied. Some recent observational data is
used to constrain model parameters using statistical
techniques. We have used the cosmic chronometer
and SNe Type-Ia Riess (292) H(z) — z data-sets
in our study. Along with the data-sets we have
also used baryon acoustic oscillation (BAO) peak
parameter and cosmic microwave background (CMB)
peak parameter to obtain bounds on the model
parameters. Joint analysis of the data with the above
mentioned parameters have been performed to obtain
better results. For the statistical analysis we have used
the minimization technique of the x? statistic. Using
this tool we have constrained the free parameters of the
model. Confidence contours have been generated for the
predicted values of the free parameters at the 66%, 90%
and 99% confidence levels. Finally we have compared
our analysis with the union2 data sample presented
by Amanullah et al.,2010 and the recently published
Pantheon data sample. Finally a multi-component
model is investigated by adding dust to a general
cosmological fluid with equation of state w = —1/3. The
density parameters were studied and their values were
found to comply with the observational results.This
work has been done in collaboration with Sayeedul
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Islam, Surajit Chattopadhyay, and Ertan Gudekli

Shantanu Rastogi

Accretion disc sizes from continuum reverberation
mapping of AGN selected from the ZTF survey

The accretion disc-size estimates are presented for
a sample of 19 active galactic nuclei (AGNs) using
the optical g-, r-, and i-band light curves obtained
from the Zwicky Transient Facility survey. All the
AGNs have reliable supermassive black hole (SMBH)
mass estimates based on previous reverberation
mapping measurements. The multiband light curves
are cross-correlated, and the reverberation lag is
estimated using the Interpolated Cross-Correlation
Function method and the Bayesian method using the
JAVELIN code. As expected from the disc-reprocessing
arguments, the g r band lags are shorter than the g
i band lags for this sample. The interband lags for
all, but five sources, are larger than the sizes predicted
from the standard Shakura Sunyaev (SS) analytical
model. We fit the light curves directly using a thin
disc model implemented through the JAVELIN code
to get the accretion disc sizes. The disc sizes obtained
using this model are on an average 3.9 times larger than
the prediction based on the SS disc model. We find a
weak correlation between the disc sizes and the known
physical parameters, namely the luminosity and the
SMBH mass. In the near future, a large sample of AGNs
covering broader ranges of luminosity and SMBH mass
from large photometric surveys would be helpful in a
better understanding of the structure and physics of the
accretion disc. This work has been done in collaboration
with V.K. Jha, R. Joshi, H. Chand, X. Wu, L..C. Ho, and
Q. Ma.

A comparative study of the physical properties for a
representative sample of Narrow and Broad-line Seyfert
galazxies

A comparative study of the physical properties of
a homogeneous sample of 144 Narrow line Seyfert
1 (NLSyl) and 117 Broad-line Seyfert 1 (BLSyl)
galaxies are presented. These two samples are in a
similar luminosity and redshift range and have optical
spectra available in the 16th data release of Sloan
Digital Sky Survey (SDSS-DR16) and X-ray spectra in
either XMM-NEWTON or ROSAT. Direct correlation
analysis and a principal component analysis (PCA) have
been performed using ten observational and physical
parameters obtained by fitting the optical spectra and

the soft X-ray photon indices as another parameter. We
confirm that the established correlations for the general
quasar population hold for both types of galaxies in
this sample despite significant differences in the physical
properties. We characterize the sample also using
the line shape parameters, namely the asymmetry and
kurtosis indices. We find that the fraction of NLSyl
galaxies showing outflow signatures, characterized by
blue asymmetries, is higher by a factor of about
3 compared to the corresponding fraction in BLSyl
galaxies. The presence of high iron content in the
broad-line region of NLSy1 galaxies in conjunction with
higher Eddington ratios can be the possible reason
behind this phenomenon. We also explore the possibility
of using asymmetry in the emission lines as a tracer
of outflows in the inner regions of Active Galactic
Nuclei. The PCA results point to the NLSyl and
BLSy1 galaxies occupying different parameter spaces,
which challenges the notion that NLSyl galaxies are a
subclass of BLSy1 galaxies. This work has been done in
collaboratio with V. K. Jha, H. Chand, V. Ojha, and A.
Omar.

C. D. Ravikumar

Constraints on the minimum electron energy from X-ray
spectral analysis of blazar PKS 2155-304

We report a novel method to constrain the photon
energy down to a level where inverse Compton emission
begins to contribute in the emission of blazars. The
convex (concave upward) high-energy X-ray spectra of
the blazar PKS2155-304, observed by XMM-Newton,
is generally assumed as an evidence for sub-dominant
inverse Compton emission. The spectra can be well
fitted by a superposition of two power-law contributions
which imitate the emission due to synchrotron and
inverse Compton processes. We show that this
information supplemented with knowledge of the jet
Doppler factor and magnetic field strength can be used
to constrain the low-energy cutoff Yminmec? of the
radiating electron distribution and the kinetic power
P; of the jet. We deduce these quantities through
a statistical fitting of the broadband spectral energy
distribution of PKS2155-304 assuming synchrotron
and synchrotron self Compton emission mechanisms.
Our results favour a minimum Lorentz factor for the
non-thermal electron distribution of iy 2 60, with a
preference for a value around 7y, =~ 330. The required
kinetic jet power is of the order of P; ~ 3 x 10*° erg

s~ in case of a heavy, electron-proton dominated jet,
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and could be up to an order of magnitude less in case
of a light, electron-positron dominated jet. Our best fit
parameters for the source support the X-ray emitting
part of blazar jets to be dominated by an electron-proton
rather than an electron-positron composition. has
been done in collaboration with Sitha K. Jagan, S.
Sahayanathan, and Frank M. Rieger

Saibal Ray

Noncommutative black hole in the Finslerian spacetime
Class

We study the behavior of the noncommutative radiating
Schwarzschild black hole in the Finslerian spacetime.
The investigation shows that black hole possesses either
(i) two horizons, or (ii) a single horizon, or (iii)
no horizon corresponding to a minimal mass. We
obtain that the minimal mass significantly changes
with the Finslerian parameter, keeping minimal horizon
remain unchanged. It turns out that under Finslerian
spacetime, the maximum temperature before cooling
down to absolute zero varies with the Finslerian
parameter. We then study the stability of the black
hole by analyzing the specific heat and free energy. The
energy conditions, their violation limit also scrutinized.
Our findings suggest a stable black hole remnant, whose
mass and size are uniquely determined in terms of the
Finslerian parameter and noncommutative parameter .
The physical relevance of these results are discussed in
a brief. This has been studied in collaboration with S.
Roy Chowdhury, D. Deb, F. Rahaman, and B.K. Guha

A semi-classical model of regular inflationary cosmology

Quantum-effective gravity must lead to a regularized
cosmology and thereby by itself source and regulate the
high energy inflaton fields required for an appropriate
inflationary beginning of the Universe.  Pursuing
this premise, we involve in the generic code of
extended theories of gravity in conceiving semi-classical
imprinting of quantum effects into gravitation. Hence,
we prescribe a general semi-classical procedure of
constructing the regular, quantum-effective form of the
spatially flat FLRW cosmology whereby two alternative
classes of the admissible dynamics are distinguished.
In this paper, we explore only the particular class
holding a minimally inflationary de Sitter UV-phase.
Curiously, the low energy phase of the newly modeled
Universe recovers the conventional dynamics of loop
quantum cosmology. However, unlike the loop quantum
cosmology, the high energy phase of the newly conceived

cosmology. This article is written collaboration with B.
Paik, M. Khlopov,and M. Kalam .

Prabir Rudra

Thermodynamics of the apparent horizon in the
generalized energy-momentum-squared cosmology

In this note, we explore the thermodynamic properties
of the universe in the background of the generalized
energy-momentum-squared gravity. ~ We derive the
energy density of matter from the non-standard
continuity equation and use it in our analysis. We
consider two types of models depending on the nature
of coupling between curvature and matter and perform
thermodynamic analysis on them using the cosmic
apparent horizon. The models are kept as generic
as possible from the mathematical point of view in
order to gain a wide applicability of the work. In this
work we have considered power law and exponential
form of models. All the thermodynamic parameters
are expressed in terms of the cosmic apparent horizon
radius and its time derivatives and their time evolution
are studied. By using temperature, heat capacity
analysis and the evolution trend of Helmholtz free
energy the conditions for thermodynamic stability of
the models are derived. It is seen that our stability
analysis considerably constrain the parameter space of
the model. This work has been done in collaboration
with Behnam Pourhassan.

Constraints on cubic and f(P) gravity from the cosmic
chronometers, BAO & CMB datasets : Use of machine

learning algorithms

In this work we perform an observational data analysis
on Einsteinian cubic gravity and f(P) gravity with
the objective of constraining the parameter space of
the theories. We use the 30 point z — H(z) cosmic
chronometer data as the observational tool for our
analysis along with the BAO and the CMB peak
parameters. The x? statistic is used for the fitting
analysis and it is minimized to obtain the best fit
values for the free model parameters. We have used
the Markov chain Monte Carlo algorithm to obtain
bounds for the free parameters. To achieve this we
used the publicly available CosmoMC code to put
parameter bounds and subsequently generate contour
plots for them with different confidence intervals.
Besides finding the Hubble parameter H in terms of
the redshift z theoretically from our gravity models, we
have exercised correlation coefficients and two machine
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learning models, namely the linear regression (LR) and
artificial neural network (ANN), for the estimation of
H(z). For this purpose, we have developed a Python
package for finding the parameter space, performing the
subsequent statistical analysis and prediction analysis
using machine learning. We compared both of our
theoretical and estimated values of H(z) with the
observations. It is seen that our theoretical and
estimated models from machine learning performed
significantly well when compared with the observations.

This work has been done in collaboration with Kinsuk
Giri.

Sunil Kumar S.

Numerical simulations of storage and thermometry of
smallbiomolecular ions in a 16-pole ion trap and a
16-wire ion trap

This work focuses on numerical simulations of ion
dynamics of small biomolecular ions (m/z ~ 200) under
the influence of elastic collisions with a buffer gas in a
16-pole ion trap and a 16-wire ion trap. A comparison
between effective potentials in these trap configurations
is provided. Particular emphasis is placed on studying
storage efficiency and ion temperature in both traps.
The dependence of temperature on various trapping
parameters is discussed. It is found that the optimum
operating range in terms of storage efficiency in a wire
trap is limited compared to that in a pole trap and
exhibits higher sensitivity to various parameters at low
temperatures. However, with a proper choice of the
operating parameters, the wire trap can serve as a
practical alternative to the conventional design of a
multipole ion trap while providing the lateral optical
access, which will open a new window for spectroscopic
studies with such traps. This work has been done in
collaboration with Rajeevan Gayathry, and M. Salvi,

Metastable states of Si~ observed in a cryogenic storage
ing

We have used the Cryogenic Storage Ring (CSR)
at the Max Planck Institute for Nuclear Physics to
study the long-lived metastable states of the silicon
anion. A Si~ beam of 58keV kinetic energy was
stored in the ultrahigh cryogenic vacuum of the CSR,
employing only electrostatic deflection elements. We
used laser systems at various wavelengths to infer
information on the decay of the metastable anionic
states by selective photodetachment. Our results give
evidence of an excited anionic state for which we

determine the extremely long lower lifetime limit of
5.7h at 90% confidence level, consistent with theoretical
predictions for the 2D term. Furthermore, we find an
average lifetime of 7 = (22.2 &+ 2.5)s for the weakly
bound 2P states, employing coincidence counting with
a pulsed nanosecond laser at 2.45 pym. Using a laser
depletion technique, we produce a pure ground term
48, ,2 517 beam, and we quantify the fraction of ions
in metastable states in our initial ion sample. We
combine our experimental efforts with state-of-the-art
multiconfiguration Dirac-Hartree-Fock calculations for
the radiative lifetimes of all metastable levels of Si~.
We find these calculations to be in excellent agreement
with our measurements and to improve previous efforts
considerably. This work has been done in collaboration
with D. Mull, F. Grussie, K. Blaum, S. George, J. Gock,
M. Grieser, R. von Hahn et all.

Sanjay K. Sahay

Robust malware detection models:  learning from

adversarial attacks and defenses

The last decade witnessed an exponential growth of
smartphones and their users, which has drawn massive
attention from malware designers. The current malware
detection engines are unable to cope with the volume,
velocity, and variety of incoming malware. Thus
the anti-malware community is investigating the use
of machine learning and deep learning to develop
malware detection models. However, research in
other domains suggests that the machine learning/deep
learning models are vulnerable to adversarial attacks.
Therefore in this work, we proposed a framework
to construct robust malware detection models against
adversarial attacks. We first constructed twelve
different malware detection models using a variety
of classification algorithms. Then we acted as an
adversary and proposed Gradient-based Adversarial
Attack Network to perform adversarial attacks on the
above detection models. The attack is designed to
convert the maximum number of malware samples into
adversarial samples with minimal modifications in each
sample. The proposed attack achieves an average
fooling rate of 98.68% against twelve permission-based
malware detection models and 90.71% against twelve
intent-based malware detection models. We also
identified the list of vulnerable permissions/intents
which an adversary can use to force misclassifications in
detection models. Later we proposed three adversarial
defense strategies to counter the attacks performed on
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detection models. The proposed Hybrid Distillation
based defense strategy improved the average accuracy
by 54.21% for twelve permission-based detection
models and 59.14% for intent-based detection models.
We also concluded that the adversarial-based study
improves the performance and robustness of malware
detection models and is essential before any real-world
deployment.

This work has been done in collaboration with
Hemant Rathore, Adithya Samavedhi, and Mohit Sewak

Robust android malware detection system against
adversarial attacks Using Q-learning

Since the inception of Andoroid OS, smartphones
sales have been growing exponentially, and today it
enjoys the monopoly in the smartphone marketplace.
The widespread adoption of Android smartphones
has drawn the attention of malware designers, which
threatens the Android ecosystem. The current
state-of-the-art Android malware detection systems are
based on machine learning and deep learning models.
Despite having superior performance, these models are
susceptible to adversarial attack. Therefore in this
paper, we developed eight Android malware detection
models based on machine learning and deep neural
network and investigated their robustness against the
adversarial attacks.  For the purpose, we created
new variants of malware using Reinforcement Learning,
which will be misclassified as benign by the existing
Android malware detection models. We propose two
novel attack strategies, namely single policy attack
and multiple policy attack using reinforcement learning
for white-box and grey-box scenario respectively.
Putting ourselves in adversary shoes, we designed
adversarial attacks on the detection models with the
goal of maximising fooling rate, while making minimum
modifications to the Android application and ensuring
that the apps functionality and behaviour does not
change. We achieved an average fooling rate of 44.21%
and 53.20% across all the eight detection models with
maximum five modifications using a single policy attack
and multiple policy attack, respectively. The highest
fooling rate of 86.09% with five changes was attained
against the decision tree based model using the multiple
policy approach. Finally, we propose an adversarial
defence strategy which reduces the average fooling rate
by threefold to 15.22% against a single policy attack,
thereby increasing the robustness of the detection
models i.e. the proposed model can effectively detect
variants (metamorphic) of malware. The experimental

analysis shows that our proposed Android malware
detection system using reinforcement learning is more
robust against adversarial attacks. This work has been
done in collaboration with Hemant Rathore, Piyush
Nikam and Mohit Sew.

Gauranga C. Samanta

Inflationary  cosmology- A  mnew approach

Non-linear electrodynamics

using

We explore a new kind of NLED field as a source of
gravity, which can accelerate the universe during the
inflationary era. We propose a new type of NLED
lagrangian which is characterised by two parameters:
« (dimensionless parameter) and [ (dimensionful
parameter). We investigate the classical stability and
the causality aspects of this model of inflationary
expansion by demanding that the speed of the sound
wave cz > 0 and 0 < ¢, < 1. Corresponding to
0 < c? <1, we find 0.382(1.828) < 3B2% < 0.288(1.469)
for @« = 0.1(1.0). The equation of state parameter
w = —1/3 requires 3B% = 0.126(0.757) corresponding to
a = 0.1(1.0). We find that the universe is accelerating
i.e. @ > 0 (which results in the deceleration parameter
q <0 (i.e. w> —1/3)), provided 3B? > 0.126(0.757).
During inflation, the energy density pp is found to be
maximum and is given by p** = 0.65/3. The magnetic
field necessary to trigger the inflation is found to be

0.4pae -
B~ \/=FE— = 4x10°! Gauss, where p3*®(~ pipf) =

10%% GeV* is the energy density of the universe during
the inflationary expansion. Our model also predicts the
e-fold number N = 71(64) that the magnetic field at
the end of inflation is about B = 10719 (10~%) Gauss
corresponding to z = 0(1000) and this agrees quite well
with the experimental prediction of the e-fold number.
With a = 0.3(1.0) and 8B? = 0.3974(0.8239), we
find the scalar spectral index ns; = 0.9649, consistent
with the PLANCK 2018 CMB data. Further, with
a = 0.3(1.0), BB% = 0.3974(0.8239), we predicts
the tensor-to-scalar ratio r = 0.1417(0.1449) and the
tensorial spectral index np = —0.0177(—0.0181). This
work has been done in collaboration with Payel Sarkarl,
and Prasanta Kumar Das.

Deflection angle for charged wormhole in f(R,T) gravity

This paper is focused on the study of charged wormholes
which are combinations of Morris Thorne wormhole and
Reissner-Nordstrom space-time. Gravitational lensing
is an important tool which have been adopted to
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detect various objects like wormholes using the notion
of deflection angle. In this work, we have evaluated
deflection angle with and without using the strong field
limit coefficients and compared the results. Further,
exact charged wormhole solutions are obtained in
f(R,T) gravity and the nature of the energy conditions
is examined. This work has been done in collaboration
with Nisha Godani.

Biplob Sarkar

Looking at the high-energy X-ray universe- An Quverview

X-ray astronomy started in the early 1960s and since
then, the X-ray range of electromagnetic radiation has
produced a great deal of astronomical information about
the high-energy universe. We begin this article by
giving a brief introduction to X-ray astronomy. We
then provide a concise explanation of the emission
and detection of X-rays from astronomical systems and
discuss some of the known sources of high-energy X-rays
in the universe. We also describe the capabilities of
the X-ray missions in the past and X-ray missions that
are currently underway. Finally, we discuss some of the
upcoming X-ray satellites and present the concluding
remarks. This work has been done in collaboration with
Bitopan Das, Biplob Sarkar, and Ankur Nath.

An  Effective  Curriculum  and  Activity — Based

Teaching-learning in College Education

This chapter describes the general term ‘curriculum’
and provides an overview of college education. Here
we discuss the various elements of an effective college
education curriculum. Again, in recent years, activity
based teaching-learning (ABTL) has proven to be an
effective pedagogy for students to become actively
involved in the learning process. This paper also
describes the ABTL approach to college education and
details the strengths and weaknesses of this approach in
relation to college education.

Rathin Sarma

Evidence for coronal temperature variation in Seyfert 2
ESO 1053-035 using NuSTAR observations

We report flux-resolved spectroscopic analysis of the
active galactic nucleus (AGN) ESO 103-035 using
NuSTAR observations. Following an earlier work, we fit
the spectra using a thermal Comptonization model with
a relativistic reflection component to obtain estimates

of the coronal temperature for two flux levels. The
coronal temperature was found to increase from 24.0f§:3
to 55.375%% keV (errors at 1-o confidence level) as the
flux increased from 9.8 to 11.9 x 107! erg ecm™2 s7!
in the 3-78 keV band. A marginal variation in the
high energy photon index allows for both, a non-varying
optical depth and for the optical depth to have varied
by a factor of ~2. This is in contrast to a previous work
on NuSTAR flux resolved spectroscopy of the AGN, Ark
564, where the temperature was found to decrease with
flux along with a 10% variation in the optical depth.
The results maybe understood in a framework where
AGN variability is either dominated by coronal heating
variation leading to correlated increase of temperature
with flux and the opposite effect being seen when the
variability is dominated by changes in the seed photon
flux.

This work has been done in collaboration with
Samuzal Barua, V. Jithesh, Ranjeev Misra, Gulab C

Dewangan, and Biman J Medhi.

Asoke K. Sen

1. Polarimetric and photometric observations of CB54,
with analysis of four other dark clouds

We present the results of our BVR-band photometric
and R-band polarimetric observations of 40 stars in
the periphery of the dark cloud CB54. From different
photometric data, we estimate E(B— V) and E(J— H).
After involving data from other sources, we discuss the
extinction variations towards CB54.We reveal two main
dust layers: a foreground, E(—) =~ 0.1mag, at ~ 1 200 pc
and an extended layer, E(B— V ) > 0.3 mag, at ~ 1.5
kpc. CB54 belongs to the latter. Based on these results,
we consider the reason for the random polarization map
that we have observed for CB54. We find that the
foreground is characterized by low polarization (P < 0.5
per cent) and a magnetic field parallel to the Galactic
plane. The extended layer shows high polarization (P
up to 5—7 per cent). We suggest that the field in
this layer is nearly perpendicular to the Galactic plane
and both layers are essentially inhomogeneous. This
allows us to explain the randomness of polarization
vectors around CB54 generally. The data — primarily
observed by us in this work for CB54, by A. K. Sen
and colleagues in previous works for three dark clouds
CB3, CB25 and CB39, and by other authors for a
region including the B1 cloud are analysed to explore
any correlation between polarization, the near-infrared,
E(J-H), and optical, E(B-V), excesses, and the distance
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to the background stars. If polarization and extinction
are caused by the same set of dust particles, we should
expect good correlations. However, we find that, for all
the clouds, the correlations are not strong. This work
has been done in collaboration with V. B. Ilin, M. S.
Prokopjeva and R. Gupta.

Ranjan Sharma
Anisotropic  generalization of Buchdahl bound for
specific stellar models

Anisotropy is one factor that appears to be significantly
important in the studies of relativistic compact stars.
The objective of the current investigation is to obtain a
maximum permissible compactness of a self-gravitating
anisotropic compact stellar object. In our work,
we make a generalization of the Buchdahl limit by
incorporating an anisotropic effect for a selected class
of exact solutions describing anisotropic stellar objects.
For physically reasonable stellar configurations, the
generalized bound is obtained by demanding that the
central pressure must not diverge. In the isotropic case
of a homogeneous distribution, we regain the Buchdahl
bound 2M/R < 8/9. Our investigation shows a direct
link between the maximum allowed compactness and
pressure anisotropy vis-a-vis geometry of the associated
3-space. This work is done in collaboration with
Arpita Ghosh, Soumik Bhattachary and Shyam Das.

Gyan P. Singh

Dynamical behaviours of Chaplygin gas, cosmological
and gravitational ‘constants’ with cosmic viscous fluid
in Bianchi type V space-time geometry

This paper is devoted to study modified Chaplygin
gas and cosmological ‘constant’ as candidates of dark
energy in the presence of cosmic viscous fluid with
reference to the Bianchi type V space-time geometry. To
represent a more viable cosmological model, variation
of gravitational ‘constant’ is also considered. Precise
solutions of equations of field have been acquired, where
scale factors expand as monomial functions of cosmic
time. Further, by use of graphical representation,
behaviours of various parameters are also examined.
This work has been done in collaboration with S.
Kotambkar, and R. K. Kelkar.

Bianchi-1 cosmology with generalised Chaplygin gas and
periodic deceleration parameter

We investigate the Bianchi-I cosmological model
in presence of generalised Chaplygin gas, variable
gravitational and cosmological constant. The exact
solutions of Einstein field equations are obtained with
time varying periodic deceleration parameter. The
graphical representation method has been used to
discuss the physical and dynamical behaviour of the
model. Further, the stability and physical acceptability
of the obtained solutions have been investigated. Most
of the parameters show periodic behaviour in this study
due to the presence of cosine function in the deceleration
parameter. In all cases, pressure is negative, which
leads us to late time expansion of the universe. The
considered models are found to be stable. This Work
has been done in collaboration with Nikhil Hulkel,and
B K Bishi.

Harinder P. Singh

it Optical  Studies of RBS 0490 and SDSS

J075959.79+191417.3

We present optical photometric and spectroscopic
observations of two Cataclysmic Variables (CVs),
namely RBS 0490 and SDSS J075939.794-191417.3. The
optical variations of RBS 0490 have been found to
occur at the period of 1.689+0.001 hr which appears
to be a probable orbital period of the system. Present
photometric observations of SDSS J075939.79+191417.3
confirm and refine the previously determined orbital
period as 3.1424092840.00000096 hr. The presence
of long-duration eclipse features in the light curves
of SDSS J075939.79+191417.3 indicates eclipses might
be due to an accretion disc and bright spot. The
orbital inclination of SDSS J075939.79+191417.3 is
estimated to be ~ 78° using the eclipse morphology.
The phased-light curve variations during the orbital
cycle of RBS 0490 provide evidence of the emission
from an independent second accretion region or a
second fainter pole. Optical spectra of RBS 0490 and
SDSS J075939.79+4191417.3 show the presence of strong
Balmer, weak He II (\4686) emission lines, along with
the detection of strong H( emission lines with a large
value of equivalent width. The characteristic features
of RBS 0490 seem to favour low-field polars, while
SDSS J075939.79+191417.3 appears to be similar to
the non-magnetic systems. This work has been done
in collaboration with Arti Joshi, J. C. Pandey, Nikita
Rawat, Ashish Raj, Wei Wang, and Harinder P. Singh.
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First detection of a magnetic field in low-luminosity Ble]
stars

We report the first detection of the magnetic field
in a star of FS CMa type, a subgroup of objects
characterized by the Ble] phenomenon. The split
of magnetically sensitive lines in TRAS 1744942320
determines the magnetic field modulus of 6.2 £+ 0.2 kG.
Spectral lines and their variability reveal the presence
of a B-type spectrum and a hot continuum source
in the visible. The hot source confirms GALEX UV
photometry. Because there is a lack of spectral lines
for the hot source in the visible, the spectral fitting
gives only the lower temperature limit of the hot source,
which is 50 000 K, and the upper limit for the B-type
star of 11 100 K. The V/R ratio of the Ha line shows
quasiperiodic behavior on timescale of 800 days. We
detected a strong red-shifted absorption in the wings
of Balmer and Oi lines in some of the spectra. The
absorption lines of helium and other metals show no,
or very small, variations, indicating unusually stable
photospheric regions for FS CMa stars. We detected
two events of material infall, which were revealed to be
discrete absorption components of resonance lines.

The discovery of the strong magnetic field together
with the Gaia measurements of the proper motion show
that the most probable nature of this star is that of a
post-merger object created after the leaving the binary
of the birth cluster. Another possible scenario is a
magnetic Ap star around Terminal-Age Main Sequence
(TAMS). On the other hand, the strong magnetic field
defies the hypothesis that IRAS 17449+2320 is an
extreme classical Be star. Thus, IRAS 1744942320
provides a pretext for exploring a new explanation of
the nature of FS CMa stars or, at least, a group of
stars with very similar spectral properties. This work
has been done in collaboration with D. Korcakova, F.
Sestito, N. Manset, P. Kroupa et all.

Monika Sinha

Baryonic dense matter in view of gravitational-wave
observations

The detection of gravitational waves (GWs) from the
merger of binary neutron star (NS) events (GW170817
and GW190425) and subsequent estimations of tidal
deformability play a key role in constraining the
behaviour of dense matter. In addition, massive NS
candidates (~ 2Mg) along with NICER mass—radius
measurements also set sturdy constraints on the
dense matter equation of state. Strict bounds from

GWs and massive NS observations constrain the
theoretical models of nuclear matter comportment
at large density regimes. On the other hand,
model parameters providing the highly dense matter
response are bounded by nuclear saturation properties.
This work analyses coupling parametrizations from
two classes based on covariant density functional
models: non—linear and density—dependent schemes.
Considering these constraints together, we study
possible models and parametrization schemes with the
feasibility of exotic degrees of freedom in dense matter
which go well with the astrophysical observations as
well as the terrestrial laboratory experiments. We show
that most parametrizations with non-linear schemes
do not support the observations and experiments
while density-dependent scheme goes well with both.
Astrophysical observations are well explained if the
inclusion of heavier non-strange baryons is considered
as one fraction of the dense matter particle spectrum.
This work has been done in collaboration with Vivek
B.Thapa, and Anil Kumar.

Influence of nuclear symmetry energy slope on compact
stars with A-admixed hypernuclear matter

In this work, we study the effects of nuclear
symmetry energy slope on neutron star dense matter
equation of state and its impact on neutron star
observables (mass-radius, tidal response). We
construct the equation of state within the framework
of covariant density functional theory implementing
coupling schemes of non-linear and density-dependent
models with viability of heavier non-nucleonic degrees
of freedom. The slope of symmetry energy parameter
(Lsym) is adjusted following density-dependence of
isovector meson coupling to baryons. We find that
smaller values of Lgy, at saturation favour early
appearance of A-resonances in comparison to hyperons
leading to latter’s threshold at higher matter densities.
We also investigate the dependence of Lgy, on tidal
deformability and compactness parameter of a 1.4 Mg
neutron star for different equation of states and observe
similar converging behaviour for larger Lgy, values.
This work has been done in collaboration with Vivek
B. Thapa.

Parijat Thakur
AstroSat Observation of 2016 outburst of H 1743-322

We present the detection of type C quasi-periodic
oscillation (QPO) along with upper harmonic at
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respective frequencies of ~ 0.6 Hz and ~ 1.2 Hz
in the single AstroSat observation taken during the
2016 outburst of the low-mass black hole X-ray binary
H 1743-322. These frequencies are found to be shifted
by ~ 0.4 Hz for the QPO and ~ 0.8 Hz for the upper
harmonic with respect to that found in the simultaneous
XMM-Newton and NuSTAR observation taken five days
later than the AstroSat observation, indicating a certain
geometrical change in the system. However, the centroid
frequency of the QPO and the upper harmonic do not
change with energy, indicating the energy-independent
nature. The decreasing trend in the fractional rms of
the QPO with energy is consistent with the previous
results for this source in the low/hard state. The value
of the photon index (I' ~ 1.67) also indicates that the
source was in the low/hard state during this particular
observation. In addition, similar to the XMM-Newton
observations during the same outburst, we find a hard
lag of ~ 21 ms in the frequency range of ~ 1 — 5 Hz.
The log-linear trend between the averaged time lag and
energy indicates the propagation of fluctuations in the
mass accretion rate from outer part of the accretion
disk to the inner hot regions. This part of the work is
published in the Journal of Astrophysics and Astronomy
(JApA), 2021, 42, 38. This work is done in collaboration
with Swadesh Chand, V. K. Agrawal, G. C. Dewangan,
and Prakash Tripathi,

S. K. Tripathy
Cosmological models with a hybrid scale factor

In this paper, we present some cosmological models
with a hybrid scale factor (HSF) in the framework
of general relativity (GR). The HSF fosters an early
deceleration as well as a late-time acceleration and
mimics the present Universe. The dynamical aspects of
different cosmological models with HSF in the presence
of different matter fields have been discussed. This work
done is in collaboration with B. Mishra, Saibal Ray and
M. Khlopov.

Role of extended gravity theory in matter bounce
dynamics

In this work, we have studied some bouncing
cosmologies in the frame work of f(R,T) gravity. The
bouncing scenario has been formulated to avoid the
big bang singularity. The physical and geometrical
parameters are investigated. The effect of the extended
gravity theory on the dynamical parameters of the
model has been investigated. It is found that, the

f(R,T) gravity parameter affects the cosmic dynamics
substantially. We have also, tested the model through
the calculation of the cosmographic coefficients and the
Om(z) parameter. A scalar field reconstruction of the
bouncing scenario is also carried out. The stability
of the model are tested under linear, homogeneous
and isotropic perturbations This work done is in
collaboration with A. S. Agrawal, S. Pal, and B. Mishra.

Sudhaker Upadhyay

4D AdS  FEinstein-Gauss-Bonnet  black  hole
YangMills field and its thermodynamics

We derive an exact black hole solution for the
Einstein-Gauss- Bonnet gravity with Yang-Mills field in
4D AdS spacetime and investigate its thermodynamic
properties to calculate exact expressions for the black
hole mass, temperature, entropy and heat capacity.
The thermodynamic quantities get modification in the
presence of Yang-Mills field, however, entropy remains
unaffected by the Yang-Mills charge. The solution
exhibits P, criticality and belongs to the universality
class of Van der Waals fluid. We study the effect of
GaussBonnet coupling and Yang Mills charge on the
critical behaviour and black hole phase transition. We
observe that the values of critical exponents increase
with the YangMills charge and decrease with the
GaussBonnet coupling constant. This work is done in
collaboration with D. V. Singh, B. K. Singh.

with

Thermodynamics of galaxy clusters in modified

Newtonian potential

We study the thermodynamics of galaxy clusters
in a modified Newtonian potential motivated by a
general solution to Newton’s ‘sphere-point’ equivalence
theorem. We obtain the IV particle partition function by
evaluating the configurational integral while accounting
for the extended nature of galaxies (via the inclusion
of the softening parameter € into the potential energy
function). This softening parameter takes care of the
Galaxy-halos whose effect on structuring the shape of
the galactic disc has been found recently. The spatial
distribution of the particles (galaxies) is also studied in
this framework. A comparison of the new clustering
parameter by to the original clustering parameters is
presented in order to visualize the effect of the modified
gravity. We also discuss the possibility of system
symmetry breaking via the behavior of the specific heat
as a function of temperature. This work is done in
collaboration with A.W. Khanday,and P. A. Ganai.
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Anisul Ain Usmani
Large Heavy Magnetic Neutron stars

We systematically study the properties of pure nucleonic
and hyperonic magnetic stars using a density-dependent
relativistic mean field (DD-RMF) equations of state.
We explore several parameter sets and hyperon coupling
schemes within the DD-RMF formalism. We focus on
sets that are in better agreement with nuclear and other
astrophysical data, while generating heavy neutron
stars. Magnetic field effects are included in the matter
equation of state and in general relativity solutions,
which in addition fulfill Maxwells equations. We find
that pure nucleonic matter, even without magnetic field
effects, generates neutron stars that satisfy the potential
GW190814 mass constraint; however, this is not the case
for hyperonic matter, which instead only satisfies the
more conservative 2.1 M constraint. In the presence
of strong but still somehow realistic internal magnetic
fields ~ 10'7 G, the stellar charged particle population
re-leptonizes and de-hyperonizes. As a consequence,
magnetic fields stiffen hyperonic equations of state and
generate more massive neutron stars, which can satisfy
the possible GW190814 mass constraint but present a
large deformation with respect to spherical symmetry.
This work is done in collaboration with I. A. Rather, U.
Rahaman, V. Dexheimer,and S. K. Patra.

Large Rotating Neutron stars with Quark cores

The rotating neutron star properties are studied
with a phase transition to quark matter. The
density-dependent  relativistic =~ mean-field model
(DD-RMF) is employed to study the hadron matter,
while the Vector-Enhanced Bag model (vBag) model
is used to study the quark matter. The star matter
properties like mass, radius, the moment of inertia,
rotational frequency, Kerr parameter, and other
important quantities are studied to see the effect on
quark matter. The maximum mass of rotating neutron
star with DD-LZ1 and DD-MEX parameter sets is
found to be around 3M, for pure hadronic phase and
decreases to a value around 2.6 M with phase transition
to quark matter, which satisfies the recent GW190814
possible maximum mass constraint, implying that
the secondary component of GW190814 could be
a fast-rotating hybrid star. For DDV, DDVT, and
DDVTD parameter sets, the maximum mass decreases
to satisfy the 2M,. The moment of inertia calculated
for various DD-RMF parameter sets decreases with
the increasing mass satisfying constraints from various

measurements. Other important quantities calculated
also vary with the bag constant and hence show that
the presence of quarks inside neutron stars can also
allow us to constraint these quantities to determine a
proper EoS. Also, the theoretical study along with the
accurate measurement of uniformly rotating neutron
star properties may offer some valuable information
concerning the high-density part of the equation of
state. This work is done in collaboration with 1. A.
Rather, U. Rahaman, M. Imran, H. C. Das, and S. K.
Patra.

Murli M. Verma
Power-law inflation in the f(R) gravity

We investigate a form of f(R) = R'*°/RJ and study
the viability of the model for inflation in the Jordan
and the Einstein frames. We have extended this form
to f(R) = R+ R'°/R? in an attempt to solve the
problems of the former model. This model is further
analysed by using the power spectrum indices of the
inflation and the reheating temperature. During the
inflationary evolution, the model predicts a value of
0 parameter very close to one (6 = 0.98), while the
reheating temperature T}, ~ 10'® GeV at § = 0.98 is
consistent with the standard approach to inflation and
observations. We calculate the slow roll parameters for
the minimally coupled scalar field within the framework
of our models. It is found that the values of the scalar
spectral index and tensor-to-scalar ratio are very close to
the recent observational data, including those released
by Planck 2018. Further, we find the scalar spectral
index, tensor-to-scalar ratio are exactly same in the first
model because the Jordan and the Einstein frames are
conformally equivalent. We also attempt to constraint
through the non-Gaussianity parameter. This work is
done in collaboration with Ajay Kumar Sharma.

Jaswant Kumar Yadav

Hi constraints from the cross-correlation of eBOSS
galazies and Green Bank Telescope intensity maps

We present the joint analysis of Neutral Hydrogen
(H;) Intensity Mapping observations with three galaxy
samples:  the Luminous Red Galaxy (LRG) and
Emission Line Galaxy (ELG) samples from the eBOSS
survey, and the WiggleZ Dark Energy Survey sample.
The H; intensity maps are Green Bank Telescope
observations of the redshifted 21cm emission on 100deg?
covering the redshift range 0.6 < z < 1.0. We process
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the data by separating and removing the foregrounds
present in the radio frequencies with FASTI ICA. We
verify the quality of the foreground separation with
mock realizations, and construct a transfer function
to correct for the effects of foreground removal on
the HI signal. We cross-correlate the cleaned HI
data with the galaxy samples and study the overall
amplitude as well as the scale dependence of the
power spectrum. We also qualitatively compare our
findings with the predictions by a semianalytical galaxy
evolution simulation. The cross-correlations constrain
the quantity Qu, by, 7H, opt at an effective scale ks,
where Qg, is the HI density fraction, by is the HI bias,
and 7H7.0pt the galaxyhydrogen correlation coefficient,
which is dependent on the HI content of the optical
galaxy sample. At kepr = 0.31h/Mpc~' we find
QHIbHITHI,Wig = [058:&009(stat):|:005(sys)] X ].0‘3 for
GBT—WiggleZ, QHIbHITHI,Wig = [040 + 0.09(stat) +
0.04(8y8)] x 102 for GBT-ELG, and Qurbyrrrurwig =
[0.354-0.08(stat)4-0.03(sys)] x 103 for GBT-LRG at 2 =
0.8. We also report results at k.pr = 0.24 and kepr =
0.48hMpc—t. With little information on HI parameters
beyond our local Universe, these are amongst the
most precise constraints on neutral hydrogen density
fluctuations in an underexplored redshift range. This
work is done in collaboration with LauraWolz, Alkistis
Pourtsidou, KiyoshiW.Masui, Tzu-ChingChang, Julian
E. Bautista, et al.
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Department of Physics,

Cooch Behar Panchanan Barma University (CBPBU):
Activities from 01 April 2021 till 31 March 2022

Areaof Research

Theoretical astro-particle physics and
cosmology

Compact stars; Exact solutions; Modified
theories of gravity; Dark matter;
Gravitational collapse.

The Department of Physics, CBPBU has
introduced General Relativity as one of the
Generic Elective papers (2.5 credits]) and
Astro-particle physics and Cosmology (15
credits) as Discipline Centric Elective
papers in its CBCS syllabus for post-
graduate students.

* Colloquia/Seminars:

1. Seminar talk delivered by Dr Kanak Saha,
Inter-University Centre for Astronomy
and Astrophysics (IUCAA), Pune, Govt. of
Indiaon 10 December2021.

Title of the talk: The Extraordinary Escape
of Extreme-UV Photons.

2. Seminar talk delivered by Prof. Mehedi
Kalam, Department of Physics, Aliah
University on 04 March 2022.

Title of the talk: Relativity, wormhole and
dark matter.

Publications using ICARD facilities:

1. Ranjan Sharma, Arpita Ghosh, Soumik
Bhattacharya and Shyam Das (2021),
Anisotropic generalization of Buchdahl
bound for specific stellar models, Eur.
Phys.JC,81,1-5.

Dr Kanak Saha, recipient of the

Shanti Swarup Bhatnagar Prize 2021

in Physical Science,

being felicitated by the

Hon'ble Vice-Chancellor,

Cooch Behar Panchanan Barma University.

. Shyam Das, Bikram Keshari Parida and

Ranjan Sharma (2022], Estimating tidal
Love number of a class of Compact Stars,
Eur.Phys.JC, 82:136.

. Bikash Chandra Paul, Shyam Das and

Ranjan Sharma (2022), Anisotropic
Compact Objects with the colour-
flavour-locked equation of state in Finch
and Skea geometry, Eur. Phys. J Plus (to

appear).

. A Saha, K B Goswami and P K

Chattopadhyay [2021), Anisotropic star
in Vaidya-Tikekar model admitting MIT
bag model equation of state in pseudo-
spheroidal geometry, Astrophys. Space
Sci. 366,1:98

. K B Goswami, A Saha and P K

Chattopadhyay ([2022], Anisotropic
compact star in modified Vaidya-Tikekar
model admitting new solutions and
maximum mass, Pramana-j phys. (to

appear].

Outreach programmes, including
public lectures/sky watch arranged by
ICARD, etc:

. Ranjan Sharma participated in the

Gravitex2021, an International

Coordinator:
Ranjan Sharma

Conference organized by the
Astrophysics Research Centre,
University of KwaZulu-Natal, Durban,
South Africa and delivered a talk during
9-12 August2021.

2. Ranjan Sharma delivered a talk as an
invited speaker at the High Energy
Cosmic Ray Research Centre, the
University of North Bengal, on 15 March
2022.

¢ Honours/distinctions/awards, etc.
received by persons connected with
ICARD:

The ICARD, CBPBU arranged a felicitation
programme on 10 December 2021 to
honour Dr Kanak Saha, IUCAA, recipient of
the Shanti Swaroop Bhatnagar Prize 2021
in Physical Science. The Hon'ble Vice-
Chancellor, CBPBU, Registrar, CBPBU, Dean
of Faculty of Post-Graduate Studies in
Science, Technology and Vocational
Studies and Dean, Faculty of Post-Graduate
Studies in Arts, Fine Arts, Performing Art
and Traditional Art Forms were present to
grace the occasion. Itis noteworthy that Dr
Kanak Saha is a Visiting Professor at the
Department of Physics, CBPBU.

168



"ANNUAL
REPORT
2021-22

Physics Department,
North Bengal University,
Siliguri, West Bengal

ResearchArea

Relativistic Astrophysics, Cosmology,
Compact Objects, DATA analysis of X-ray
Sources, Pulsar, Non-linear Dynamics

DATACentre Activities

Research Schalars are engaged to Analyse
X-ray Data of NASA to investigate Different
Pulsars. At present Six Research Scholars
are engaged in doing research using the
facilities of the DATA centre. Itis proposed to
use ASTROSAT-data from IUCAA in coming
days.

Seminar/Symposiums

ICARD organized the following wehinar
during pandemic

1

International Seminar on Astrophysics
and Cosmology (March 03,2022])

The International Seminar on
Astrophysics and Cosmology is the first
one day international seminar
organized by ICARD at Physics
Department, North Bengal University
(NBUJ. The eminent cosmologists Prof.
Mark Trodden (USA] delivered on “The
many Incarnation of Dark Energy”, Prof.
K. K. Nandi (Russia) “Gravitational Time
advancement”, and from IUCAA Pune
Prof. Dipankar Bhattacharyya “Science
from ASTROSAT : New Results on
Compact Objects”, Dr. Kanak Saha
“Probing Early Galaxy Formation using
ASTROSAT UV Deep Field”. The
International seminar was inaugurated
by Vice- Chancellor of NBU, Dr. Subires
Bhattacharyya, Dean of Science Faculty
Dr. Subhash Chandra Ray, Coordinator
ICARD, NBU Prof. B. C. Paul, and Head,
Department of Physics, Dr. P. Mali.
About 192 moativated B. Sc. and M. Sc
students from different universities
and colleges attended the program
in addition to research scholars
and faculties showed interest. The
ICARD made an arrangement for
accommaodating all via google meet as
well as live you tube streaming
platforms. It will give a good exposure of

our students, Research Scholar and
teachers with the active scientists. Dr.
B. C. Paul coordinated the seminar with
Research Fellows of the Department
Sagar Dey and Anirban Chanda as
secretary.

Prof. S. G. Ghosh, CTP Jamia Miiia
University, New Delhi delivered Lecture
on Shadow of Black holes (Mar 22,
2021]). It was arganized online and
attended by students and visitors of
ICARD, NBU.

Recent Advances in Astrophysics and
Cosmology [Mar, 24-25,2021):

There are more than 150 participants.
We have arranged online platform as
well as you tube live streaming so that
all are accommodated in the Program.
The seminar was inaugurated by the
Director of IUCAA, Prof. Somak
Raychaudhury and delivered a Keynote
address. The invited speakers were Dr.
Kanak Saha, Dr. Farook Rahaman.
Profs. Murli M. Verma of Lucknow
University and P. K. Sahaoo of BITS
Pilani Hyderabad Campus chaired the
sessions.

Publications using ICARD facilities

1.

Skyrme Fluid in Anisotropic Universes
with a Cosmological Constant - B. C.
Paul, R. Sengupta, P. Paul and S. Ray,
accepted in Pramana, A Journal of
Physics (2022)]

Cosmology in $f(R,T)$ gravity with a
varying deceleration parameter, A.
Chanda and B. C. Paul, IJGMMP-D-20-
00551 (2020)

Late time cosmology in f (R, G)-gravity
with interacting fluids - B. C. Paul, A
Chanda, S Maharaj, ABeesham, Class. &
Quantum Grav. (2022) accepted

Bianchi-l anisotropic universe with
Barrow holographic dark energy - B. C.
Paul, B. C. Ray, A. Saha, The European
Physical Journal C82,1-7 (2022)

10.

11.

12.

13.

14.

Coordinator:
Professor B. C. Paul

Waormholes in f(R, T] - gravity with
density dependent $B$ parameter in
SQM - R. Deb, P. Mandal, B. C. Paul, Euro
Physics J Plus [2022)

R\'enyi Holographic Dark Energy
Models In Multidimensional Universe -
A. Saha, A. Chanda, S. Dey, S. Ghosh, B C
Paul, IUGMMP, 19,2250043 (2022]

Reconstruction of modified
Gauss-Bonnet gravity for emergent
universe - BC Paul, SD Maharaj, A
Beesham, Int. Journal of Maodern
Physics D, 2250045 (2022)

Asymptotic linear nonlinear duality,
indeterminism and mathematical
intelligence - Dhurjati Prasad Datta,
Chaos, Solitons and Fractals, 152
(2021)111457

Renyi holographic dark energy in higher
dimension Cosmology - A. Saha, S.
Ghose, A. Chanda, B. C. Paul, Annals of
Physics, 426,168403 (2021)

Traversahle wormholes in the galactic
halo with MOND and non-linear
equation of state - B. C. Paul, Classical
and Quantum Gravity 38 (14], 145022
(2021)

Emergent Universein D ® 4 dimensions
with Dynamical Wormholes - Bikash
Chandra Paul, Euro Phys. J C, 81, 776
(2021)

Accelerating Universe in Higher
Dimensional Space Time -an
alternative approach - Dibyendu
Panigrahi, Bikash Chandra Paul, Sujit
Kumar Chatterjee, Eur. Phys. J. Plus
(2021)136:771

Cosmological madels in $R"2$ gravity
with hybrid expansionlaw - P S Debnath
and B C Paul, International Journal of
Geometric Methods in Modern Physics.
18,No0.09,2150143(2021)

Existence of traversable warmhales
with modified gravity and non-linear
equation of state - Bikash Chandra
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Paul, Class. Quantum Grav. 38 145022
(2021)

15. Timing and spectral properties of
Be/Xray pulsar 4U 1901+03 during
2019 outburst - Binay Raiand B C. Paul,
Astrophysics and Space Sci., 366, 84
(2021)

16. Study of Gravastarsin Rastall gravity-S.
Ghosh, S. Dey, A. Das, A. Chanda, B. C.
Paul Acceptedin JCAP 07,004 [2021).

17. Morris-Thorne Wormhaoles in the
maodified f(R, T] gravity -Anirban
Chanda, Sagar Dey, Bikash Chandra
Paul, General Relativity and Gravitation,
53,782021)

Department of Physics,
DDU Gorakhpur University,

18. Comprehensive broadband study of
accreting neutron stars with Suzaku Is
there a hi-modality in the X-ray
spectrum ? - P. Pradhan (MIT, USA), B.
Paul, E. Bozzo (Univ. of Geneva), C.
Maitra (Germany), B. C. Paul, Maon.
Notice Royal Astronomical Saciety
[(MNRAS])502,1163-1190 [2021)

19. Compacy Objects in f[R,T]) gravity in
Finch-Skea geometry - S. Dey, A.
Chanda, B. C. Paul, Euro. Phys. J Plus,
136, 228 (2021)

20. Bouncing scenario with causal
cosmology - P S Debnath and B C Paul,
Astrophysics and Space Science, 3686,
32(2021)

Gorakhpur During April 1, 2021 to March 31, 2022

Areaofresearch

* Infrared observations of stars

o Circumstellarand Interstellar Medium
» Molecules of Astrophysicalimportance
e Starclusters

* Atmospheric aerosols

* Trace gases in planetary atmospheres
etc.

The ICARD members at Gorakhpur and
surrounding areas including Varanasi and
Lucknow mainly workin the areas - Infrared
observations of stars, Circumstellar and
Interstellar Medium, Molecules of
Astrophysical importance, Star clusters,
Atmospheric aerosols, Trace gases in
planetary atmospheresetc.

Amit Pathak, BHU and Shantanu Rastodgi,
DDUGU have studied various aspects of
astrophysical infrared emission features
and their possible carrier polycyclic
aromatic hydrocarbon (PAH] molecules.
Study of Globular Clusters is being carried
out in collaboration with ARIES, Nainital by
Apara Tripathi, DDUGU. Theoretical studies
on chemistry of formation of pre-biotic
molecules in interstellar medium are being

done by Alka Mishra, LU. Analysis of Astrosat
observations by Sanjay Pandey, LBS Gonda.
Continuous monitaring of atmospheric
aerosals at Gorakhpur and study of satellite
data on atmospheric trace gases is heing
carried out by Prabhunath Prasad and
Shantanu Rastogi, DDUGU.

Lectures

1. Special Lecture (online] on Time &
Frequency Standards by Ashish Agarwal,
NPL, Delhi, on the occasion of World
Standards Day (14 Oct) on 20-0ct-2021
(jointlyin collabaration with Institution of
Engineers, Garakhpur Chapter).

2. Special Lecture (online] on Observations
from Space by Prakash Chauhan,
Director, IIRS (ISRO), Dehradun, on 8-
Dec-2021.

Publications using ICARD facilities

1. ab-Initio and DFT study of HCN: Raole of
temperature for the formation of HCN
molecule in the interstellar medium; M.
Yadav, Shivani, A. Ahamad, K. K. Singh, R.
Singh, A. Misra, P. Tandaon; J. Mal. Struc,,
1248,2022.

21. Gravitational collapse of Anisotropic
star - S. Das, B. C. Paul, R. Sharma,
Indian Journal of Physics 95 (12], 2873-
2883 (2021)

22. Existence of Traversable Wormholes
with Modified Gravity and Non-linear
Equation of State - B. C. Paul, Class.
Quantum Grav. 38145022 (2021).

23. Gravitational collapse of Anisotropic
star - S. Das, B. C. Paul, R. Sharma,
Indian Journal of Physics 95 (12]), 2873~
2883 (2021)

Coordinator:
Dr. Shantanu Rastogi

2. Formation of aminomethanol in
ammonia-water interstellar ice; K. K.
Singh, P. Tandon, R. Kumar, A. Misra,
Shivani, M. Yadav, A. Ahmad, M. K.
Chaudhary; MNRAS, 506 (2], 2059 -
2065,2021.

3. Theoretical study of infrared spectra of
interstellar PAH molecules with N, NH,
and NH2 incorporation; A, Vats,
A. Pathak, T, Onaka, M. Buragohain, I.
Sakon, I. Endo; Puhblications of the
Astronomical Society of Japan, 74(1),
161-174,2022.

4. Evidence for Coronal Temperature
Variation in Seyfert 2 ESO 103-035
Using NuSTAR Observations; S. Barua, V.
Jithesh, R. Misra, G. C. Dewangan, R.
Sarma, A. Pathak, B. J. Medhi; ApJ, 921,
46,2021

5. Chemical Complexity of Phosphorous-
bearing Speciesin Various Regions of the
Interstellar Medium; M. Sil, S. Srivastay,
B.Bhat, S. K. Mondal, P. Garai, R. Ghosh, T.
Shimonishi, S. K. Chakrabarti, B.
Sivaraman, A. Pathak, N. Nakatani, K.
Furuya, A. Das; The Astronomical
Journal, 162(3), 39, 2021.

6. Conformational and vibrational
spectroscopic investigation of N-

170



"ANNUAL
REPORT
2021-22

n-butyl, S-2-nitro-1-(p-tolyl] ethyl
dithiocarbamate - a bio-relevant sulfur
molecule; T. Yadav, G. Brahmachari, |.
Karmakar, P. Yadav, A. K. Prasad, A.
Pathak, A. Agarwal, R. Kumar, V.
Mukherjee, G. N. Pandey, R. R. F. Benta, N.
P.Yadav; Journal of Molecular Structure,
1238,130450,2021.

7. Accretion disc sizes from continuum
reverberation mapping of AGN selected

Gurukula Kangri
(Deemed to be University),

fromthe ZTF survey; V. K. Jha, R. Joshi, H.
Chand, X. Wy, L. C. Ho, S. Rastogi, Q. Ma;
MNRAS, 511(2), 3005 - 16, 2022.

8. A comparative study of the physical
properties for arepresentative sample of
Narrow and Broad-line Seyfert galaxies;
V. K. Jha, H. Chand, V. Ojha, A. Omar, S.
Rastogi; MNRAS, 510(3]), 4378 - 93,
2022.

Haridwar April 1, 2021-March 31, 2022

Areas of research

* GR and Alternative Theory of Gravity
» Black Hole Physics

e Dark Energy and Dark Matter

e Gravitational Lensing and Shadow

* Non-Linear Dynamics and Chaos

Researchworkdone

The members associated with ICARD,
Haridwar have worked on different issues
related to the areas as mentioned in the
areas of research during the assessment
period. We have worked on the optical
properties (shadow and gravitational
lensing] and thermodynamic properties of
some interesting spacetimes in general
relativity (GR] and in alternative theories of
gravity. In particular, we have studied the
motion of photons in ADS geometry to
observe the effect of different charges on
the path of the light along with the shadows
and the relation for distance of closest
approach with the magnetic charges, the
gauge coupling constant and NUT charge.
We have also investigated the shadow and
deflection angle of charged rotating black
hole surrounded by perfect fluid dark matter
and Rotating charged hlack hole in 4D
Einstein-Gauss-Bonnet gravity. The
horizon, energy emission from a given black
hole spacetime has been investigated. The
study of bending angle of light in a solution
representing a fluid with a constant
equation of state which can for example

describe an effective warm dark matter fluid
around a hlack hole was performed. We had
analyzed the deflection angle produced hy
the black hole in view of various hlack hale
parameters. An exact solution for bending
angle was also determined for a particular
value of the equation of state parameter.
The study of gravitational lensing and black
hole shadows around a dual-charged
stringy black hole spacetime derived in
dilaton-Maxwell gravity. The variation of
deflection angle with the impact parameter
fordifferentvalues of black hole parameters
was studied. The shadow of this hlack hale
spacetime was investigated also the radius
of the shadow was studied in detail. We had
also contributed to the study of
gravitational lensing around a rotating
Bafiados-Teitelboim-Zanelli (BTZ] hlack
holein (2 +1)-dimensional gravity in which a
detailed discussian for arhits for massless
test particles around this black hole
spacetime to understand the nature of
cosmological constant in lower dimensions
was presented. The effect of the
cosmological constant on the photon orhit
in view of other critical black haole
parameters had studied. The bending angle
of light was also investigated for different
values of cosmological constant for direct
and retrograde motion of test particles.
In another paper entitled “Optical
and thermodynamic properties of a
rotating dyonic black hole spacetime in
N=2, U [1)* gauged supergravity” a detailed
study of gravitational shadows and
thermodynamics was performed. The null
geodesics and the distance of the closest
approach for the photon were also studied.
Further, the investigation of various

Outreach programmes

1. Shantanu Rastogi delivered online
lecture on Measuring the Universe on
10-Dec-2021 organized by the
Astronomy and Astrophysics Club
(VINN], Central Univ. of T.N.

2. Science day film show on Cosmic
Collisions was organized at DDUGU for
M.Sc. studentson 28-Feb-2022.

Coordinator:
Dr. Hemwati Nandan

thermodynamic properties for BH with
dyonic charges is also studied. We have
obtained various thermodynamic
parameters at the harizon.

More recently, we have also performed the
stahility analysis of circular geodesics along
with quasinormal modes for scalar field
perturbation in the vicinity of a dual stringy
black hole and non-commutative geometry
inspired Schwarzschild hlack haole. Stahility
analysis of circular orbits around a charged
BTZ black hole spacetime in a nonlinear
electrodynamics model is studied. Alsg,
stahility analysis of circular orbits around
Kerr black hole and traversable wormhale
with massless conformally coupled scalar
field are investigated via Lyapunov stability
criteria.
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Workshops/Schools organized

An International Conference on Cosmalogy
& Gravity (CosmoGrav22) was successfully
organized during 22-23 March 2022. The
conference was inaugurated by Prof. Ajit
Khembhavi. The following speakers has
delivered the invited lectures during the
conference:

() Prof. Emilio Tejeda (Mexico]: Choked
accretion: from Bondi accretion to
hipolar outflows.

(il Dr. Umananda Dev Goswami (India):
Gravitational wave physics in the light
of ATGs.

(iii) Prof. Phillipe Jetzer [Switzerland):
Tests of GRwith LISAand ACES.

(iv] Dr. Sandipan Sen Gupta (India): Extra
dimension(s] of vanishing proper
length: A non-Einsteinian phase in
gravity and the implications for the
‘dark matter' problem.

(v) Dr. Farruh Atamurotov (Uzbekistan):
Black hole shadows and gravitational
lensing.

(vi] Prof. Alfredo Herrera Aguilar (Mexico):
Black Hole rotation curves for
astrophysical systems.

DR. Amare Abebe (South-Africa):
Linearized perturbations of a
darkfluid-dominated universe.

(viii} Prof. Rituparno Goswami (South-
Africa): Tidal forces and Gravitational
waves.

(ix] Prof. Eva Hackmann [Germany]:
Shapiro and Frame dragging delays in
pulsar timing.’

Around two hundred participants were
present in this conference and twenty-five
contributory papers were also presented by
the young participants (mainly the Ph.D.
students working in different universities in
India and abroad). Some of the glimpses of
this conference are mentioned in few
photographs below.

List of publications using ICARD
facilities

1. Farruh Atamurotov, Uma Papnoi, Kimet
Jusufi, Shadow and deflection angle of
charged rotating black hole surrounded
by perfect fluid dark matter. Class.
Quantum Grav. 39 (2022] 025014

(20pp).

2. Uma Papnoi, Farruh Atamurotov,
Rotating charged black hole in 4D
Einstein-Gauss-Bonnet gravity:
Photon motion and its shadow. Physics
of Dark Universe 35 (2022),100916.

3. Prateek Sharma, Hemwati Nandan,
Uma Papnoi, Arindam Kumar
Chatterjee, Optical and Thermodynamic
properties of a rotating dyonic black
hole spacetime in N = 2 U(1)2 gauged
supergravity. Eur. Phys. J. C (2021)
81:429.

10.

Shubham Kala, Hemwati Nandan,
Prateek Sharma, Maye Elmardi,
Geodesic and Bending of Light Around a
BTZ Black Hole Surrounded by
Quintessential Matter Modern Physics
Letters A, Vol. 36, No. 31 [2021)
2150224.

Shaobhit Giri, Hemwati Nandan, Lokesh
Kumar Joshi and Sunil D. Maharaj,
Stahility analysis of circular orbits
around a traversable wormhole with
massless confarmally coupled scalar
field, The European Physical Journal C
82:298, (2022).

Pradeep Singh, Hemwati Nandan,
Lokesh Kumar Joshi, Nidhi Handa and
Shobhit Giri, Stahility of circular
geodesics in equatorial plane of Kerr
spacetime, The European Physical
Journal Plus137:263, (2022).

Prateek Sharma, Hemwati Nandan,
Gamal G. L. Nashed, Shabhit Giri and
Amare Abebe, Geodesics of a Static
Charged Black Hole Spacetime in f(R]
Gravity Symmetry, 14,309; (2022).

Shobhit Giri, Hemwati Nandan, Lokesh
Kumar Joshi and Sunil D. Maharaj,
Geodesic stability and quasinormal
modes of non-commutative
Schwarzschild black hole employing
Lyapunov exponent The European
Physical Journal Plus 137:181, (2022).

Shabhit Giri, Hemwati Nandan, Lokesh
Kumar Joshi and Sunil D. Maharaj,
Stability analysis of circular orhits
around a charged BTZ black hole
spacetime in a nonlinear
electrodynamics model via Lyapunov
expaonents, Modern Physics Letters A
36,2150220, (2021).

Shobhit Giri and Hemwati Nandan,
Stahility analysis of geodesics and
quasinormal modes of a dual stringy
black hole via Lyapunov exponents,
General Relativity and Gravitation 53
(8], (2021).
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Outreach programs (including public
lectures/sky watch) arranged by
ICARD, etc.

Sky Watch Activity was organized by ICARD,
GK [DU) Haridwar during 24-25 February,
2022 in collaboration with ARIES, Nainital.
Around 1500 students of our campus and
nearby schoaols have participated in this
programme to watch sunspots and night
sky objects. Dr. Virendra Yadav, ARIES,
Nainital has also presented an interesting
talk during this event. Few glimpses of this
programme are presented below.

Department of Physics,

Cochin University of Science and Technology:
Activities from 01 April 2021 till 31 March 2022

Area of Research: Gravity, Cosmology
and Astrophysics

We have two faculty members, Prof. Titus K
Mathew and Dr. Charles Jose, who are
leading the research and related ICARD
activities in ICARD, Kochi. At present 7
research scholars are working in these area
for their Ph.D. We have one on-going
project, with Dr. Charles Jose funded by DST,
Govt. Of India.

Talk

Talk by Prof. Titus K Mathew on March 10,

2022: “Thanu Padmanabhan and Atoms of
space-time” - This talk highlights the
contribution of Prof. Padmanabhan on
Gravity. The talk was attended by a
spectrum of undergraduate, graduate, and
research students fromthe University.

Talk by Dr. Karthik Rajeev, IIT, Mumbai on
April 12, 2022: “Quantum tunneling in real
and imaginary time: applications and recent
developments”.  Quantum tunnelling
process can be semi-classically described
in terms of trajectories in imaginary time.
Although this result is very well known, the
precise sense in which the concept of
'imaginary time' appears mare rigorously in

Awards

Dr. Hemwati Nandan [Coordinator, ICARD]
was honored with best teacher award by
Hon'ble Vice-Chancellor Gurukula Kangri
(Deemed to be University] Haridwar on 26
January, 2022.

Coordinator:
Prof. Titus K Mathew

guantum mechanics is less discussed. In
this talk, | will show a simple example in
which, starting from a path integral
formalism in real time, one can naturally
arrive at the 'imaginary time' based picture
of tunneling in a rather mathematically
rigorous manner.

Publications using ICARD Facilities

1. Jerin Mohan N D and Titus K Mathew, 'On
the feasibility of truncated Israel-
Stewart model in the context of late
acceleration’, Class. Quant. Grav. 38
(2021)14145016.
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Abstract: A dissipative model of the
Universe based on the causal relativistic
truncated Israel-Stewart theory is
analysed in the context of recent
accelerated expansion of the Universe.
The bulk viscosity and relaxation time are
taken as é=aps and r=a®y(2-y)ps-1
respectively. For s=1/2, we found an
analytical solution for the Hubble
parameter of the model. We have
estimated the model parameters by
treating y=1 and y as a free parameter
usingthe latestcosmological data.

The model predicts a prior decelerated
phase and an end de Sitter phase as in
the standard ACDM model. The
dynamical system analysis shows that
the prior decelerated epoch is an
unstable equilibrium, while the far future
de Sitter epoch is stable. The age of the
Universe obtained around 13.66 Gyr,
whichis close to the recent observations.
The second law of thermodynamics is
found to be satisfied throughout the
evaolution in this model. The feasibility of
the model has been checked by
contrasting with models based on the full
Israel-Stewart and the Eckart viscous
theories. The truncated viscous madel
appears more compatible with

Department of Physics,
University of Calicut

astronomical observations than the
Eckartand full causal viscous models.

. Sarath N and Titus K Mathew, 'Decaying

vacuum and evolution from early
inflation to late acceleration’, Mod. Phys.
Lett.B36(2021)23,2150160.

Abstrac: Decaying vacuum models are a
class of models that incorporate the
vacuum energy density as a time-
evalving entity that has the potential to
explain the entire evolutionary history of
the universe in a single framework. A
general solution to the Friedmann
equation can be obtained by considering
vacuum energy density as a function of
the Hubble parameter. We have obtained
the asymptotic solution by choosing the
appropriate equation of state for matter
and radiation. Finite boundaries in the
early and late de Sitter epoch could be
defined by considering the evolution of
primordial perturbation wavelength. An
epoch invariant number Nc determines
the number of perturbation modes that
crass the Hubble radii during each epoch
has been obtained.

. Sarath N and Titus K Mathew, 'Running

vacuu model versur LambdaCbDM - a

during April 1, 2021 - March 2022

Areaofresearch

Galaxy formation and evolution, Active
Galactic Nuclei.

Seminars conducted.

1

Online seminar on Simultaneous
UV/Optical, X-ray spectral analysis of
Fermi bright Blazar by Aminabi T on May
19,2021

Online seminar on CIR scaling relations
for early-type galaxies hosting nuclear
starclusters by SruthiKonJun9,2021.

Online seminar on Infra-red central
intensity ratio study in early-type
galaxies hy Baheeja.ConJuly 7,2021.

4. Online seminar on Study of central

intensity ratio in nearby seyfert galaxies
by Vinod KT onJuly 14,2021

. Online seminar on Signature of jet MHD

turbulence in blazar spectra by Habeeb
Rahman.ConAug4, 2021.

. Online seminar on Analysis and

Interpretation of spectral features or
blazar by Sitha K Jagan on October 20,
2021

Publications using ICARD facilities

1. 'Convex X-ray spectra of PKS 2155-304

and constraints on the minimum
electron energy', 2021, Jagan, Sitha K. ;

bayesian analysis', Mon. Not. Roy. Astron.
Soc.510(2022) 4, 5553.

Abstract: We study the running vacuum
model in which the vaccum energy
density depends on square of Hubhle
parameter in comparison with the ACDM
model. In this work, the Bayesian
inference method is employed to test
against the standard ACDM maodel
to appraise the relative significance
of our model, using the combined
data sets, Pantheon+CMB+BAO and
Pantheon+CMB+BAO+Hubble data.
The model parameters and the
corresponding errors are estimated from
the marginal likelihood function of the
model parameters. Marginalizing over all
model parameters with suitable prior, we
have obtained the Bayes factor as the
ratio of Bayesian evidence of our model
and the ACDM madel. The analysis based
on Jeffrey's scale of bayesian inference
shows that the evidence of our model
against the ACDM model is weak for both
data combinations. Even though the
running vacuum model gives a good
account of the evaolution of the universe,
itisnot superior to the ACOM madel.

Coordinator:
Prof. C. D. Ravikumar

Sahayanathan, S. ; Rieger, Frank
M. ; Ravikumar, C. D., Monthly Notices
of the Royal Astronomical Saociety,
Volume 506, 3996-4006 (2021),
doi:10.1093/mnras/stab1993.
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School of Physical Sciences,
S.R.T.M. University,

Nanded April 1, 2021 - March 2022

Areas of Research

* AGN feedback in galaxy clusters

o Optical/X-ray variahility of AGN

e X-ray astronomy

* XRB population in galaxies

e Multi-phase ISM in early- type galaxies.

The Schoal of Physical Sciences has only
one faculty member working in the field of
Astronomy and Astrophysics. However, the
ICARD activities are supported by 08
research scholars working in the Schoal and
also by 20 M Sc Final Year students with
Astrophysics specialization.

» Conference/Seminar

1. K. Wani, H. Gaur & M. K. Patil; X-ray
studies of Blazar 1ES 1959+650 using
SWIFT & XMM-Newton Satellite, in the
40" Astronomical Society of India
Meeting during 25-29, 2022 organized
by IIT Roorkee and ARIES, Nainital (in
online maode])

2. Rupesh N. Ghodpage, Alok Taori, 0. B.
Gurav, P. T. Patil and M. K. Patil; Covid-19
pandemic impact on ground based
airglow observation over kolhapur, in the
National Space Science Sympaosium
(NSSS-2022) during Jan 31 - Feb 4,
2022 by IISER, Kolkatta.

Publications using ICARD Facilities

1. N. D. Vagshette, S Naik, N Kumari, M K
Patil; Imaging and photometric studies
of NGC 1316 [Fornax A] using
Astrosat/UVIT; JAA; 42 (2], 1-8,2021

2. A Kyadampure, N. D. Vagshette, & M. K.
Patil; X-ray cavities in the G50 bright
group- centered galaxy NGC 5846; SAA,
17-24,2021

PhDsawarded
1. Dr.Bhagorao Tukaram Tate received Ph

D. in Physics from S.R.T.M. University,
Nanded in April 2022 for the thesis

entitled “Multiphase Interstellar
Medium and Star Formation History in
Early-type galaxies”

ICARD BENEFICIARIES

Facilities at ICARD-SRTMU were availed by
our regular students as well as visitors fram
nearby region. List of the beneficiaries are:

1. Dr N D Vagshette, Asst. Professor, M U
Mahavidyalaya, Udgir

2. Dr B T Tate, Balbhim Mahavidyalaya,
Beed

3. Mr. A. T. Kyadampure, Sanjivani
Mahavidyalaya, Chapali, Dist. Latur

4. B. Sc. Physics students and faculty from
Gramin Mahavidyalaya, Kotgyal

5. Members from Parbhani Astronomical
Saciety, Parbhani

6. Post graduate students, teaching and
non-teaching staff from campus schools

7. Students and Teachers from Swiss
Academy English School, Parbhani

8. BA/B Com students and teachers from
people's College, Nanded

Outreach programs (including public
lectures/sky watch) arranged by
ICARD

Due to the prevailing COVID situation the
ICARD at S.R.T.M. University, Nanded could
not conduct formal activities like
workshops, seminars, conferences, etc in
offline mode. However, has conducted
various events, lectures in online mode and
faculty at the School has delivered numhber
of science outreach talks on various
occasions. The details of such activities are
listed below:

i. Sky-Watch using 16" ACF MEADE
Telescope on the occasion of Science
Day celehration (28" Feb 2022)

ii. Popular talk followed by Sky-Watch for
the BA / B Com students from Peaople's

Coordinator:
Madhav K. Patil

College, Nanded on 16th March 2022.
More than 100 students along with
teachers attended this event.

ii. Delivered a popular talk on
“Opportunities in Physics” in the One
Day State Level Wehinar organized hy
Baliram Patil Arts, Commerce and
Science College, Kinwat as a part of the
celebration of “Azadi Ka Amrut

Mahotsav” on 21* January 2022

iv. Delivered a scientific talk on
“Astronomical Telescopes:
Construction and working” in the
Scientist Interaction Programme jointly
organized by Vasantrao Naik
Marathwada Agricultural University,
Parbhani and Parbhani Astronomical
Society in the context of the
establishment of Science center on 12"
December2021

v. Delivered a popular talk on “Science
Models in the proposed Science Center
at VNMA University, Parbhani” in the
Scientist Interaction Programme jointly
organized by Vasantrao Naik
Marathwada Agricultural University,
parbhani and Parbhani Astronomical
Societyon11"December 2021

vi. Delivered a talk on “Astronomical
Observations” followed by the Sky-
Watch for the students and staff of Swiss
Academy English School, Parbhani on
17th Nov2021.

viLDelivered a popular talk on
“Opportunities after M Sc Physics” in
the one day program organized by the
Netaji Subhash Chandra Bose College,
Nanded on 18" October 2021

viii.Delivered the convocation address on
“New Education Policy 2020 and
Challenges before Higher Education” of
Bahirji Smarak Mahavidyalaya,
Basmathnagaron 16" October 2021

ix. Delivered a science popularization talk in
the One Day National Webinar on
“Gravitational Waves: New Window to
Explore the Unseen Universe” on 6"
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October 2021 organized by Department
of Physics & IQAC, Balbhim Arts, Science
and Commerce College, Beed

x. Delivered a talk on “New Education
Policy 2020 and Revision of Physics
Curriculum” in the National Level

Department of Physics,
Tezpur University,
Napaam during April 1, 2021

Areasofresearch:

Interstellar Dust, Active Galactic Nuclei,
Morphological Study of Galaxies, X-ray
Astronomy, Solar Astronomy.

One/two paragraphs about the
researchworkdoneinICARD:

Faculty members and PhD students of
Department of Physics, Tezpur University
are involved in collaborative research work
with IUCAA faculty members through joint
supervision. Two such PhD students
obtained doctorate from Tezpur University
during 2021-2022. They are:

1. Dr. Pranjupriya Goswami, thesis title,
“Broadband Study of the Spectral and
Temporal Behaviour of Blazars”, awarded in
2021. (In collaboration with Prof. Ranjeev
Misra)

2. Dr. Rukaiya Khatoon, “Multi-wavelength
Temporal Study of Blazars”, awarded in
2022. (In collaboration with Prof. Ranjeev
Misra)

There are ongoing research work on Galaxy
morphology, Active Galactic Nuclei, X-ray
Astronomy and Solar Astronomy in active
collaboration with IUCAA faculty members.
Group members of Prof. Gazi Ameen Ahmed
and Dr Rupjyoti Gogoi are involved in these
collaborative research works.

List of any workshops/schools
organised by ICARD:

« North East Meet of Astronomers
(NEMA):

Department of Physics, Tezpur University,
in assaociation with IUCAA, Pune initiated a
series of meetings in 2015 to promote

Workshop jointly organized by S.R.T.M.
University, Nanded and Mahatma Gandhi
Mahavidyalaya, Ahmedpur on 24
September2021

Delivered a talk on “Gravitational Waves:
Quest to explore Unseen Universe” in the

- March 2022

interaction and collaborations among
Astronomers of North East India with a
name “North East Meet of Astronomers
(NEMA)”. The idea of such meetings is to
bring together young researchers including
faculty members, research scholars and
advance level M.Sc. students on a single
platform to share their current and future
research ideas. The seventh edition of
NEMA was organised by Department of
Physics, Rajiv Gandhi University during
January 2022. ICARD, Tezpur University
helped them in preparing the proposal and
in conducting the event. The meeting was in
online mode because of the pandemic
situation. There were thirty talks in the
meeting, out of which two were special talks
by Prof. Ajit K Kembhavi and Prof. Somak
Raychaudhury. Faculty members and
students from different institutions of
North East participated actively in the
meeting. The meeting concluded with a
lively interactive session conducted hy Prof.
Ranjeev Misra.

Publications by using ICARD facilities

Members of ICARD, Tezpur University have
published the following journal and
conference papers as collaborative efforts
with IUCAA faculty members:

1. “Flux Distribution Study of Mkn 421 with
SPOL, RXTE and Fermi-LAT Telescopes”,
Rukaiya Khatoon, Zahir Shah, Raj Prince,
Ranjeev Misra, Rupjyoti Gogoi, Selected
Progresses in Modern Physics, Springer
Proceedings in Physics, val 265. Springer,
Singapore (2021).

2. “Understanding the X-ray spectral
curvature of Mkn®421 using broad-band
AstroSat observations”, Jyotishree Hota,
Zahir Shah, Rukaiya Khatoon, Ranjeev
Misra, Ananta C Pradhan, Rupjyoti Gogoi,

National E-conference on Advances in
Mathematics and Physics organized by Shri
Datta Arts, Commerce & Science College,
Hadgaon, Dist. Nanded on May 12,2021

Coordinator:
Dr. Rupjyoti Gogoi

Monthly Notices of the Royal Astronomical
Saciety, Volume 508, Issue 4, page 5921
(2021)

3. “Thelong-term X-ray flux distribution of
Cygnus X-1 using RXTE-ASM and MAXI
observations”, Kabita Deka, Zahir Shah,
Ranjeev Misra, Gazi Ameen Ahmed, Journal
of High Energy Astrophysics, Volume 31,
page23(2021)

4, “Distribution of X-Ray Flux: RXTE-PCA
Observation of Cygnus X-1", Kahita Deka,
Zahir Shah, Ranjeev Misra, Gazi Ameen
Ahmed, Selected Progresses in Modern
Physics, Springer Proceedings in Physics,
val 265. Springer, Singapare (2021).

“X-ray emission study of extreme hlazars
using AstroSat”, Pranjupriya Goswami,
Atreyee Sinha, Nijil Mankuzhiyil, Ranjeev
Misra, Zahoor Malik, Sunder Sahayanathan,
Sunil Chandra and Rupjyoti Gogoi,
Proceedings of Science, 37th International
Cosmic Ray Conference, 12-23 July 2021.
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School of Studies in Physics and Astrophysics,
Pt. Ravishankar Shukla University, Raipur
during April 1, 2021 - March 2022

Areasofresearch
Supernovae, Galaxies and Variable stars etc.
Researchwork

UV-optical photometric and spectroscopic
study of supernovae is being carried out by
N.K. Chakradhari and Shritika Tiwari (Thesis
work] in collaboration with G.C. Anupama,
D.K. Sahu (IIA, Bengaluru) and Kuntal Misra
(ARIES, Nainital].

Study of Chemically Peculiar stars/ Variahle
stars is being carried out in callaboration
with S. Joshi [ARIES, Nainital].

Study of central region of lenticular galaxies
is being carried out by S.K. Pandey,
Mahendra Verma (Thesis work] and S.
Barwey (IIA Bengaluru].

N.K. Chakradhari is involved in the co-
supervision of (i] Massive O-type and WR
stars, Thesis work of Ms. Bharti Arora with J.
C. Pandey, ARIES, Nainital (ii] Study of GRBs,
Thesis work of Ankur Ghosh with Amitesh
Omarand Kuntal Misra, ARIES, Nainital.

Department of Physics,

Publications by using ICARD facilities

1. Study of chemically peculiar stars - I.
High-resolution spectroscopy and K2
photometry of Am stars in the region of
M44, Joshi Santosh et al.; Chakradhari N.
K. [co-author], 2022, MNRAS,510, 5854.

2. Quest for the Upcoming Periastron
Passage of an Episodic Dust Maker and
Particle-accelerating Colliding-wind
Binary: WR 125, Arora Bharti; Pandey J.
C., De Becker Michaél; Pandey S. B,
Chakradhari Nand K.; Sharma Saurabh;
Kumar Brijesh, 2021, AJ, 162, 257.

3. PSN J0910+5003 : A type la Supernava
explosion similar to Super
Chandrasekhar event, Shrutika Tiwari, N.
K. Chakradhari, D.K. Sahu, G. C. Anupama
presented at 40th annual Meeting of the
Astronomical Society of India (ASI 2022)
atllT, Roorkee 25-29 March 2022.

Outreach programmes, including
publiclectures/sky watchetc.

University of Kashmir, Srinagar
during April 1, 2021 - March 2022

Areas of Research

Theoretical Astrophysics, Cosmology, X-ray
Astronomy, Galaxy Clusters

Researchwork

The department has three permanent
faculty members (two Professors and ane
Associate Professor] in the field of
Astronomy and Astrophysics. As on date,
the department host 12 research students
in Astronomy and Astrophysics alone.
Further, there are four ongoing research
projects in the area of Astronomy and
Astrophysics funded by SERB-DST, ISRO
RESPOND etc.

Workshop

A two day Introductory Workshop on
Astronomy and Astrophysics was held in the
department in hybrid mode on 18" and 19"
of December, 2021. The coordinators of the
workshop were Naseer Ighal (local] and
Ranjeev Misra [IUCAA). The workshop was
attended by around hundred students and
young faculty from local universities. While
the warkshop was conducted offline, some
of the resource persons delivered their talks
online; these include Somak Raychaudhary
(Directar), Kanak Saha, Ranjan Gupta, Sanjit
Mitra, Durgesh Tripathiall from IUCAA. Some
of the local resource persons included me,

Coordinator:
N. K. Chakradhari

Invited talks/public lectures 1] “The story
of stars”, National Science Day Celebration
at Govt College Kurud, 28 February 2022 (2]
“Space Science and Technology for a
sustainable future”, National Science Day
Celebration at Govt. College Dharsiva, 26
February 2022 (3] “India in Space Science”,
National Science Day Celebration at Govt.
Gundadhur College Kondagaon, 05 February
2022 (4] “Opportunities and Challenges in
Physics” at Govt College Rajim, 21 January
2022 (5] “Sun, Season and Sky” at Kalinga
University Raipur on 11 December 2021 (6]
“Astrophysics - The Wonders of Galaxies” at
Vinayakrao Patil Mahavidyalaya, Vaijapur,
Aurangabad, 14 September 2021 (7)
“Motion of the Sun”, Training workshop on
Zero Shadow Day, Organized by
Chhattisgarh Vigyan Sabha, 15 May 2021

Sky watching programmes were organized
(1) at SoS in Physics & Astrophysics, Pt R.S.
University Raipur [Azadi ka Amrit Mahotsav]
on 7-8 December 2021 (2] at Savitri Bai
Phule Educational Academy Saddu, Raipur
on 26 December 2021 (3] at Korba on 11
December2021.

Coordinator:
Manzoor A. Malik

Naseer Ighal, Waseem Bari, Bari Maghoaol
and Zahir Shah. At the end, Ranjeev Misra
gave his impressions about the workshop
and conducted an online interaction with
the participants.

Since the waorkshop was conducted in
a period during which COVID was still
close to severe, all COVID protocols were
followed. Happy to report that none of the
participants or resource persons
contracted COVID during or immediately
after the warkshop. Another workshop on
Python and Astronomical Data Analysis is
scheduled tobe heldinJune 2022.
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Newman College,
Thodupuzha, Kerala

during from April 1, 2021 to March 31, 2022.

Areasofresearch

Radio Astronomy, X-ray Astronomy and
Machine Learning.

ResearchWork

There are four research scholars in the
Department of Physics, Newman College,
Thodupuzha, Kerala whao are using ICARD
facilities for doing research in the fields of
Radio Astronomy, X-ray Astronomy and
Machine Learning.

Prof. Thanu Padmanabhan Memorial
Talk

A memorial Talk to pay tributes to the late
Prof.T. Padmanabhan was conducted on his
birthday, the 10" of March, under the
auspices of the ICARD. Paddy's student and
Post-doctoral research fellow of IIT, Powai,
Dr. Karthik Rajeev gave a web talk on the
“Academic Legacy of Thanu Padmanabhan”
during the occasion. The programme
attendance was in a hybrid mode wherehy
the students of the college attended the
programme which was screened at the
college and the other participants joined
online.  The programme commenced at
11.30 am with a welcome speech by Dr.
Aloysius Sabu N. (Head of the Dept]

G
ICARD

NEWMAN COLLEGE

followed by Dr. Joe Jacoh, farmer HOD and Co-ordinator of ICARD, sharing fond memaries of
the visit of Prof. Thanu Padmanabhan to the college. Programme coordinator Sri. Nohle C
Kurian delivered the vote of thanks. There were more than 100 participants including
researchers and students fromtheregion.

Outreach programmes:
(a) LunarDayCelebration

Department of Physics conducted the Lunar
Day Celebration in association with ICARD
on 24th July 2021 at 10.00 am through The
Google meet platform. The programme
started with a welcome speech by Dr.
Aloysius Sabu N. (Head of the Dept ). Dr. Joe
Jacaoh, Co-ordinator of ICARD inaugurated
the programme. Seminars on the topics of
Apollo Missions - Failure and success,
Voyage to Moon, Chandrayan and Upcoming
Lunar Missions were presented by the
students.

Dr. Beena Mary John, Asst. Prof.Dept. of
Physics proposed the vote of thanks
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Science popularisation Documentary

As a part of the lunar day celebrations under
the auspices of the ICARD, A science
popularisation documentary was prepared
and exhibited at the P N UP School
Kanjiramukku, Thrissur Dt, Kerala on July 21
by Ms.Nimmy Tresa Thomas of Newman
College. 300 students participated in the
programme.

(b) OzoneDayCelebration

The Department of Physics commemorated
the International Day for the preservation of
Ozone Layer with the theme “ 0zone for Life
in association with ICARD on 21st
September 2021 at2:30 pm. Dr. Beena Mary
John, Asst. Professor in Physics, Newman
College Thodupuzha welcomed the
gathering and Dr. Aloysius Sabu N, Head of
the department delivered the Presidential
Address. The celebrations started with an
Ozone Day message on the theme ' Ozone
for Life "by Dr. Smitha Thankachan Assistant
Professor, MA College Kothamangalam.
The talk which was arranged in the Google
meet platform was attended by more than
100 participants from the region. Ms.
Nandana. S. Pradeep led the oath-taking by
the students to preserve the environment,
conducted after the talk.

Quiz and poster making competitions,
highlighting the need of Ozone Layer
protection were also conducted. 67
students participated in the online quiz
conducted in the online platform. 53
students participated in the poster

presentation contest and the posters were
exhibited as a video presentation in the
Google platform.  The winners in the
competitions were awarded mementas and
certificates .Ms. Jeteena Joseph delivered
the vote of thanks.

(c]) National Science DayCelebration:

Seminar presentation competition: A contest for the students to present the recent
advancementsin Physics as short seminars was conducted on March 5, 2022, in association

with ICARD, as a part of the National Science Day celebrations.

Prof. Rageena Joseph,

Prof.Jessy Thomas, (former faculty, Newman Caollege and Mr. Krishnaprasad [CSIR JRF)
were the judges of the program. Twelve students participated in the competition the winners
were awarded cash prizes, mementos and certificates.
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R. Abbott, ... S. Abraham, D. Agarwal, D. Bankar, R. S. Bankar,
A. V. Bhandari, S. Biswas, S. Bose, K. Chakravarti, S.
Choudhary, M. Deenadayalan, S. Dhurandhar, S. Doravari, S.
G.Gaonkar, S.P.Jadhav, S. Kandhasamy, A. Mhaske, S. Mitra,
A. More, K. S. Phukon, S. Ponrathnam, Santosh Roy, T. R.
Saravanan, V. Savant, H. L. Sawant, K. Soni, T. Souradeep, S.
Sudhagar, M. P. Thirugnanasambandam, et al (2021] All-sky
searchin early 03 LIGO data for continuous gravitational-wave
signals from unknown neutron stars in binary systems, PhRvD,
103,064017.

R. Abbott, ... S. Abraham, D. Bankar, R. S. Bankar, A. V.
Bhandari, S. S. Bose, K. Chakravarti, S. Choudhary, M.
Deenadayalan, S. Dhurandhar, S. Doravari, S. 6. Gaonkar, S.
P.Jadhav, S. Kandhasamy, A. Mhaske, S. Mitra, K. S. Phukon,
S. Ponrathnam, Santosh Roy, T. R. Saravanan, H. L. Sawant,
V. Savant, T. Souradeep, S. Sudhagar, M. P.
Thirugnanasambandam, et al. (2021) Tests of general
relativity with binary black holes from the second LIGO-Virgo
gravitational-wave transient catalog, PhRvD, 103,122002.

R. Abbott, ... S.Abraham, D. Agarwal, D. Bankar, R. S. Bankar,
A. V. Bhandari, S. Biswas, S. Bose, K. Chakravarti, S.
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A. More, K. S. Phukon, S. Ponrathnam, Santosh Roy, T. R.
Saravanan, V. Savant, H. L. Sawant, K. Soni, T. Souradeep, S.
Sudhagar, M. P. Thirugnanasambandam, et al. (2021) Upper
limits on the isotropic gravitational-wave background from
Advanced LIGO and Advanced Virgo's third observing run,
PhRVD, 104, 022004

R.Abbott, ... S.Abraham, D.Agarwal, D. Bankar, R. S. Bankar,
A. V. Bhandari, S. Biswas, S. Bose, K. Chakravarti, S.
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G.Gaonkar, S.P.Jadhav, S. Kandhasamy, A. Mhaske, S. Mitra,
A. More, K. S. Phukon, S. Ponrathnam, Santosh Roy, T. R.
Saravanan, V. Savant, H. L. Sawant, K. Soni, T. Souradeep, S.
Sudhagar, M. P. Thirugnanasambandam, et al. (2021] Search
for anisotropic gravitational-wave backgrounds using data
from Advanced LIGO and Advanced Virgao's first three observing
runs, PhRvD, 104, 022005.
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A. More, S. Ponrathnam, Santosh Roy, T. R. Saravanan, V.
Savant, H. L. Sawant, K. Soni, S. Sudhagar, M. P.
Thirugnanasambandam, et al. (2021) Constraints on Cosmic
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Observing Run, PhRvL, 126, 241102.
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coalescences, ApJL 915, LS.
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Deenadayalan, S. Dhurandhar, S. Doravari, S. 6. Gaonkar, S.
P.Jadhayv, S. Kandhasamy, A. Mhaske, S. Mitra, K. S. Phukon,
S. Ponrathnam, Santosh Roy, T. R. Saravanan, H. L. Sawant,
V. Savant, T. Souradeep, S. Sudhagar, M. P.
Thirugnanasambandam, et al. [2021) Search for Gravitational
Waves Assaociated with Gamma-Ray Bursts Detected by Fermi
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Binary Coalescences Observed by LIGO and Virgo during the
First Half of the Third Observing Run, PhRvX, 11, 021053.
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Bhandari, S. Biswas, S. Bose, K. Chakravarti, M.
Deenadayalan, S. Dhurandhar, S. Doravari, S. 6. Gaonkar, S.
P.Jadhay, S. Kandhasamy, A. Mhaske, S. Mitra, K. S. Phukon,
S.Ponrathnam, Santosh Roy, T.R. Saravanan, V. Savant, H. L.
Sawant, T. Souradeep, S. Sudhagar, M. P.
Thirugnanasambandam, et al. (2021) Population Properties
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doi:10.1017/S174392132100034X

Priya Hasan & S. Hasan (2019] Astronomy Education in Covid
Times. Proceedings of the International Astronomical Union,
15(S367), 409-410. doi:10.1017/S1743921321000090
arXiv:2104.06305 [physics.ed-ph]

Priya Hasan (2022] The hinary fraction in star clusters, 40th
Meetings of Astroanomical Society of India, March 25-29, 2022,
[IT Roorkee.

Nagamani Poloji, Priya Hasan, S. N. Hasan (2022]
Morphological studies of dwarf galaxies in the core of Coma,
40th Meetings of Astronomical Society of India, March 25-29,
2022, IIT Roorkee.

Priya Hasan [2021) The HR Diagram with Remaote Telescopes
at LCO, GaiaDemos@Schoal 3rd Shaw-IAU workshop on
Astronomy for Education held 12 - 15 October, 2021.
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