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The twisted tale of an indigenous mega-science project



Research in ‘pure sciences’ is intellectually exciting and the best
training to meet global challenges … both now and in the future

Collaboration leads to mutual understanding among nations and provides 
the foundation for rewarding partnerships on major international projects

… India naturally wishes to participate in this global arena
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But why do research in abstract physical sciences? Should Indian scientists 
not focus on ‘real’ problems such as  global warming or the world’s energy 
needs or innovation in agriculture, transport, health care, urbanisation, etc?

India has had a distinguished history of contributions to fundamental 
science … the work needs to be continued by today’s generation
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Ø Science seeks to understand the underlying regularities 
and of the natural world - to find simple explanations and 

make predictions that can be put to experimental test

Ø Search for broad organisational principles

Ø Create and develop new conceptual frameworks

Ø An essential requirement  is mathematical consistency … 
progress is generated by the fruitfulness of ideas 

Provides training in both analytic & computational 
techniques and in …. how to ask the right questions





(Some) International physics projects with Indian involvement
30 Meter Telescope, Mauna Kea

ITER, Caderache

CMS @ Large Hadron 
Collider, CERN, Geneva

India-based Neutrino Observatory

(proposed site in Bodi Hills, Tamilnadu)

... and Indian projects with international participation

LIGO - India

Giant Metrewave Radio telescope, Pune 

Square Kilometre Array

Astrosat

… and many others

FAIR, Darmstadt
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This is among the most exciting topics in physics



Detection of naturally generated neutrinos



Discovery of atmospheric neutrinos: 1965

Neutrino detector at the 
Kolar Gold Fields, India Physical Review Letters 15 (1965) 429 - published 30th Aug 1965

Physics Letters 18 (1965) 196 - published 15th Aug 1965



Discovery of atmospheric neutrino oscillations: 1998

Fukuda et al., Phys.Rev.Lett. 81 (1998) 1562 



IceCube Neutrino Observatory

86 strings (125 m between strings)

60 Optical Modules per string (17 m apart)

5160 Digital Optical Modules (DOMs)  in Ice 

1 km3⇒ Gton instrumented volume

Construction: 2004-11 (now 9+ yrs of data)

DeepCore

IceTop: 1 km2 surface array (81 ‘Auger’ tanks)

2.5 km

Cost: 279 M$ ⇒ ₹ 20 per ton





n

µ

Ø A n interacts with a nucleus
… produces a µ (e or t)

and/or a ‘cascade’

Ø A charged particle moving at
superluminal speed gives rise to 
Cherenkov radiation (cone Ð 40°)

Ø This radiation is detected by 
3D array of optical sensors

The lepton direction is aligned
with the incoming n ➟ astronomy!

High Energy Neutrino Detection Principle

nµ µ

N X

W

Position, time & amplitude of hits allows 
reconstruction of tracks using likelihood 

optimisation (machine learning …)



Muon track: time ⇒ colour; number of photons ⇒ energy



Atmospheric Neutrino Spectrum
cosmic ray

air shower

muons

atmospheric
neutrinos

IceCube has measured the atmospheric neutrino flux … 
in good agreement with the expectation from cosmic ray 
interactions in the atmosphere creating pions and kaons 

(‘prompt’ flux from charmed meson decays not detected)



Neutrino Oscillations
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If neutrinos have mass, then the mass eigenstates ≠ weak interaction eigenstates

➜quantum mechanical oscillations between flavours as neutrinos propagate 
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Many
open

questions



INO/2004/01

Brief Project Report

INDIA-BASED NEUTRINO
OBSERVATORY

I N O

E-mail: ino@imsc.res.in URL: http://www.imsc.res.in/∼ino

Among the deepest sites worldwide

Possible future long baseline experiments



INO will address all the ? in the neutrino mixing matrix 

Determining  neutrino mass ordering / Independent verification 
in neutrinos and antineutrinos / Detection of Earth matter effects

Measuring  neutrino properties:  Mixing 
parameters, Non-standard interactions, 

CPT violation, Sterile neutrinos 

Searching for physics beyond the 
Standard Model (beyond neutrinos): 

long-lived particles, Magnetic monopoles

Act as a long-term monitor for 
atmospheric and astrophysical 
phenomena: Searching for the 

unknown, Multimessenger astronomy

The radiation-free underground laboratory 
infrastructure useful for other experiments 

(double beta decay,  dark matter search, etc.), 
Readiness for future opportunities

A large scale international experiment running in India for development 
of  experimental physics manpower,  Detector development expertise,  

education & training hub for students from all over India



Indian Neutrino Detector: Environmental Costs 
I would like to spell out the environmental costs of building the India-based Neutrino 
Observatory (INO) discussed in the News of the Week story “Indian neutrino detector hits snag 
on environmental concerns” (P. Bagla, 9 January, p. 197). The first foreseeable impact would be a 
sizable increase in the human population, furthering habitat destruction. Transporting the 
estimated 630,000 tons of debris and 147,000 tons of construction material would require about 
156,000 truck trips through a vital protected area. INO would require 320,000 liters of water per 
day, further draining a drought-prone region. The Environmental Impact Assessment (1) upon 
which this project was approved was not based on scientific data and is widely acknowledged as 
being seriously flawed (2). 
The international scientific community should be aware that the INO project is not site specific
— in theory, a neutrino observatory can be located in any underground site with sufficient rock 
cover. There was no attempt to find suitable sites in less critical areas. The INO team limited its 
search to only two sites: Rammam in Darjeeling and Singara in the Nilgiri Biosphere Reserve. 
Because Rammam is in an area of higher seismic activity, the team selected Singara.

PRIYA DAVIDAR 
Department of Ecology and Environmental Sciences, Pondicherry University, Puducherry 605014, India.  

E-mail: pdavidar@gmail.comReferences
P. A. Azeez, S. Bhupathy, P. Balasubramanian, R. Chandra, P. P. Nikhilraj, “India-based Neutrino Observatory 
— Rapid EIA” (SACON report, 2007). 
A.Desai, P. Davidar, J.P. Puyravaud, G. Srinivasan, N. Mohanraj, T. Thekaekara, “Environmental concerns 
around the proposed site for the India-based Neutrino Observatory” (NBR Alliance report, 2008); 
www.nbralliance.org/downloads/environmental- concerns-around-ino-site.pdf.

13 MARCH 2009 VOL 323 SCIENCE www.sciencemag.org



A detailed response was provided, refuting all the concerns

Nevertheless environment minister Jairam Ramesh decided not to permit construction at 
Singara … even though the Indian Institute of Sciences ecologist R Sukumar, who had worked in 

the Nilgiri forests for 20 years, had prepared for him a note on the INO project which stated: 
“arguments against Singara are, to a very large extent, exaggerated and misplaced”. 



INO scientists reluctantly accepted the Government’s decision and identified a new 
site in the Bodi Hills in Theni district (where there is no forest) … with the operations 
centre to be located at Madurai - this was granted environmental clearance in 2010



Things were finally looking up and the project was in full swing by 2012



But opposition now came from an environmental group & a local politician 



Vasudevan Mukunth 26/Apr/2017



* On 18 October 2010, the Ministry of Environment & Forests approved both 
environment and forest clearance for setting up the observatory in the Bodi West Hills 
Reserved Forest in the Theni district of Tamil Nadu.

* As of February 2012, the land was allocated to the INO collaboration by the 
government of Tamil Nadu and the excavation work was about to start. Naba Mondal, 
chief spokesperson of INO project and a senior scientist at the Tata Institute of 
Fundamental Research, Mumbai, told The Hindu that the pre-project work will start in 
April 2012 and ₹ 66 crores has been sanctioned for the work. The first task will be to 
have a road connectivity from Rasingapuram to Pottipuram village. The project is 
expected to be completed in 2015 at an estimated cost of ₹ 1,500 crores.

* On 18 September 2012, Kerala’s octogenarian Opposition leader and CPI(M) central 
committee member V S Achuthanandan expressed anxiety over establishing a neutrino 
observatory on the Theni-Idukki border between Tamil Nadu and Kerala, citing 
environmental and radiological issues. Soon the INO collaboration clarified on all the 
issues raised by him and the responses are on the INO website.

* On 5 January 2015, Union Cabinet headed by Prime Minister Narendra Modi 
approved to set up the India-based Neutrino Observatory (INO).

Timeline of events



* On 20 February 2015, The southern bench of National Green Tribunal ordered 
notices to the central and state governments on a petition challenging the 
environmental clearance granted to the India-based Neutrino Observatory project.

* On 26 March 2015, The Madurai bench of the Madras high court restrained the 
central government from commencing the work on the proposed India-based 
Neutrino Observatory (INO).The court directed the government to get permission 
from the Tamil Nadu Pollution Control Board (TNPCB) before commencing the work.

* On 19 March 2018, Ministry of Environment (India) overturned the NGT verdict as a 
special case.The approval is only conditional and it needs the consent of the Tamil 
Nadu Pollution Control Board and the National Board for Wildlife.The approval was 
done under category B of the Schedule to the “Environmental Impact Assessment” 
(EIA) Notification, 2006.But it should have been ideally been treated as category A as 
the project lies just 4.9 km from an eco-sensitive national park. Additionally, EIA was 
done by the Salim Ali Centre for Ornithology and Natural History, which is an 
“unaccredited agency”.

* MDMK general secretary Vaiko began a rally starting 31 March 2018 in the Theni belt 
to create awareness of  ‘hazards’ due to Neutrino observatory establishment.

Timeline of events (cont.)

https://en.wikipedia.org/wiki/Ministry_of_Environment_and_Forests_(India)
https://en.wikipedia.org/wiki/National_Green_Tribunal_Act
https://en.wikipedia.org/wiki/Tamil_Nadu
https://en.wikipedia.org/wiki/National_Board_for_Wildlife


Shri Narendra Modi
Honourable Prime Minister of India 22 October 2017

Respected Prime Minister,

We, the undersigned, are Indians comprising a broad cross-section of scientists, engineers, administrators of scientific and educational institutions, and
research students - all working in India.

This letter is to draw your attention to the seriousness of the hurdle currently preventing any progress of the prestigious ‘India-based Neutrino Observatory’
(INO) project for over 2 years, following a court order in March 2015. We request you to take necessary action so that the hurdle is removed as early as
possible. The project received final approval from the Union Cabinet chaired by you in January 2015 for its establishment as a multipurpose underground
laboratory in Theni district of Tamil Nadu at an estimated cost of Rs 1500 crore. The Tamil Nadu Government has been extremely supportive of the project
by giving land in Theni district free of cost, and land for the Inter-Institutional Centre for High Energy Physics (IICHEP) near the City of Madurai at nominal
cost. IICHEP will be the nerve-centre of INO, coordinating the work of over 25 institutions in India and also involved in the R&D of detector development as
well as student training.

The ICAL particle detector to be housed in INO will be the world's largest electromagnet and particle detector. As Indians, we feel proud that the INO
project is entirely indigenous. It has been planned and most of the feasibility studies completed through hard work during the past 15 years by over one
hundred scientists, students and engineers working in research institutes and universities spread through the length and breadth of India, who are naturally
anxious to see their work bear fruit through timely completion of the project.

From a scientific stand point the project has a golden opportunity to discover one of the most fundamental properties of the most elusive particles in the
universe - the neutrino. The property in question is the so-called ‘mass-ordering’ of the three different species of neutrinos. Such a discovery would be of
immense value to the world community of physicists and establish India on the world map of science.

As a spin-off, such a discovery would undoubtedly inspire a good fraction of talented young Indians to pursue fundamental sciences, in which there has been a
regrettable decline of interest in recent years in India. Such a decline is unhealthy, because fundamental sciences, apart from being important in their own right,
are the backbones of technology. Aside from the prospect of fundamental discovery, the INO project will clearly have a strong impact on science education in
the country, as well as development of skills in detector building for Indian students. It would also bring about a healthy interaction between the scientific
institutions and the industries in the country, and would inevitably lead to advances in engineering. Projects like INO, carried out in a timely fashion, are thus
vitally important for the progress of the nation.

We must also emphasise the INO Graduate Training Program which is quite unique. As many as 39 research students have either already been awarded a PhD
under INO (and are receiving further training in various laboratories around the world, while waiting to return to work on INO) or are presently working
towards their PhD. Over 50 research papers have already been published by the INO collaboration in reputed international refereed journals.

In addition to the main experiment on neutrino oscillations using the ICAL detector, feasibility studies for 2 other experiments - NDBD (Neutrino-less Double
Beta Decay) and DINO (Dark matter at INO) - have also been going on. NDBD will settle the nature of the neutrino, whether it is a ‘Majorana’ or ‘Dirac’
fermion and hence is the most fundamental experiment in neutrino physics. DINO seeks to identify the nature of the ‘dark matter’ which constitutes most of
the matter in the Universe. Both these experiments will be under the INO umbrella.

The scientific community appealed to the PM



Despite such immense potential benefits of INO to India, there is unfortunately a court order brought about by a group of political and social activists in
Tamil Nadu, which has stopped the construction of INO. The consequent delay seriously hurts its purpose because it faces serious competition with other
countries as regards the prized discovery (as explained below).

The concern of some politicians and activists that the INO project would cause water pollution, radioactivity and damage to the environment are baseless.
First of all neutrinos cause no radioactivity. Being electrically neutral and having no strong nuclear interactions, they are the feeblest and most harmless
particles of nature. With or without INO, trillions of neutrinos emitted by the Sun and other sources in the cosmos pass through our body every second, all
our life, but cause no harm. The project itself is a benign one which would have little effect on the environment during construction and none during
operation. As a 2011 Government report on INO states, “No forest land is expected to be occupied, since both the tunnels and laboratories are underground”. It
might be noted that Japan, Canada and USA have been carrying out neutrino experiments for decades and have had no environmental or radiation concerns.

A Rs 1500 crore project carried out in Theni district will undoubtedly boost the local economy in Tamil Nadu. The flux of national and international visitors
to INO will boost education in science & engineering not only in Tamil Nadu but throughout India.

A revival of INO at its present site in TN within the next 2-3 months should be given top priority. This would give a fair chance to India in the race to
discover the neutrino mass-ordering since the site in Theni district is ready for the start of tunnelling. If TN does not however take proactive steps promptly,
shifting to an alternate site will have to be considered. But this will cause significant further delays, leaving India with little chance of competing with China and
other countries. The morale of the INO scientists and students is already very low so the very survival of INO will be doubtful.

The fundamental importance of neutrino physics to be studied at INO may be assessed in part by the fact that the Nobel Prize in physics in 2015 was
awarded jointly to Takaaki Kajita (working at the SuperKamiokande Laboratory in Japan) and Arthur McDonald (working at the Sudbury Neutrino
Observatory in Canada) for the discovery of neutrino oscillations. Both of them have emphasised in recent statements (McDonald at the Indian Science
Congress and on NDTV in January 2016, and Kajita in the Indian Science Congress in January 2017) the importance of INO for the future of particle physics.

The Daya Bay experiment in China and the RENO experiment in South Korea made the landmark discovery of one fundamental neutrino property in 2012.
These experiments along with those in Japan and Canada were recently awarded the Breakthrough Prize by high tech firms such as Google and Facebook.
These countries as well as USA are moving ahead with bigger and better experiments to study neutrinos. India has a great opportunity to compete with them
and even do better in certain aspects.

Of all the methods of determining the neutrino mass-ordering only two are self-contained in that they can arrive at the answer just on the basis of their own
experiments without having to use the results of other experiments. One of them is INO of India and the other is JUNO of China. INO has still a good
chance of being the first to discover the mass-ordering. But if it is not built in a timely fashion, the Chinese detector will surely steal the show. Here is a
chance for India to make a real mark in this field that must not be missed.

But time is of the essence!

Thus for the sake of science, for the sake of the morale of all the Indian scientists, engineers and students who have been working hard for INO for so many
years and for the sake of the prestige of India, we earnestly urge you to take all steps necessary to remove the current road-block as soon as possible so that
the INO project can proceed at full speed at its present site in Tamil Nadu.

Submitted respectfully by,



Prof Swapna Mahapatra (Utkal University, Bhubaneswar)
Prof Karmadeva Maharana (emeritus - Utkal University)
Prof Nayana Majumdar (SINP, Kolkata)
Prof Parthasarathi Majumdar (RKMV University, Belur)
Prof HS Mani (CMI, Chennai)
Prof PT Manoharan (IIT, Madras)
Prof Prakash Mathews (SINP, Kolkata)
Dr Poonam Mehta (JNU, Delhi)
Dr Lakshmi S Mohan
Prof Sunil Mukhi (IISER, Pune)
Mr Dhruv Mulmule (NPD, BARC)
Prof Supratik Mukhopadhyay (SINP, Kolkata)
Prof N Mukunda (emeritus) (IISc, Bangalore)
Prof Palash Baran Pal (SINP, Kolktata)
Prof Mina Ketan Parida (SOA University, Bhubaneshwar)
Prof Apoorva Patel (IISc, Bangalore)
Prof Raj Pillay (TIFR, Mumbai)
Dr Joseph Prabhagar (Loyola College, Chennai)
Mr Rebin Raj (IIT, Madras)
Prof R Rajaraman (emeritus - JNU, Delhi)
Prof Tiruppattur Ramakrishnan FRS (emeritus - BHU, Varanasi)
Prof Ram Ramaswamy (JNU, Delhi)
Prof Raghavan Rangarajan (PRL, Ahmedabad)
Dr Kanishka Rawat (Panjab University, Chandigarh)
Prof Amitava Raychaudhuri (emeritus - Calcutta University)
Prof Saurabh Rindani (PRL, Ahmedabad)
Prof Probir Roy (emeritus - SINP, Kolkata)
Dr Jafar Sadiq (IIT, Madras)
Prof Varun Sahni (IUCAA, Pune)
Dr Deepak Samuel (Central University of Karnataka)
Prof S Uma Sankar (IIT, Bombay)
Dr B Satyanarayana (TIFR, Mumbai)
Prof Ashoke Sen FRS (HRI, Allahabad)
Prof SK Singh (AM University, Aligarh)
Prof Nita Sinha (IMSc, Chennai)
Prof Ajit Srivastava (IOP, Bhubaneshwar)
Prof Sandip Trivedi (TIFR, Mumbai)
Prof PC Vinodkumar (Sardar Patel University, Vallabh Vidyanagar)
Prof Spenta Wadia (emeritus - ICTS-TIFR, Bangalore)
Prof Urjit A Yajnik (IIT, Bombay)

A copy of this letter is also being sent to the Chief Minister of Tamil Nadu.

Prof G Rajasekaran (emeritus - IMSc, Chennai) on behalf of:

Dr Rathin Adhikari (Jamia Millia Islamia, Delhi)
Dr Sanjib Kumar Agarwalla (IOP, Bhubaneshwar)
Prof Pankaj Agrawal (IOP, Bhubaneshwar)
Prof KG Arun (CMI, Chennai)
Prof Charanjit Aulakh (IISER, Mohali)
Prof Jasjeet Singh Bagla (IISER, Mohali)
Prof Pijushpani Bhattacharjee (SINP, Kolkata)
Prof Utpal Chattopadhyay (IACS, Kolkata)
Dr Baradhwaj Coleppa (IIT, Gandhinagar)
Dr Debottam Das (IOP, Bhubaneswar)
Dr Prasanta Kumar Das (BITS, Goa)
Dr Sudeshna Dasgupta
Dr AseshKrishna Datta (HRI, Allahabad)
Mr Jaydeep Datta (SINP, Kolkata)
Dr Moon Moon Devi (Tezpur University, Tezpur)
Prof Avinash Dhar (ICTS-TIFR, Bangalore)
Prof Shashi Kumar Dhiman (emeritus - HP University, Shimla)
Dr Ng K Francis (Tezpur, University, Tezpur)
Prof Raj Gandhi (HRI, Allahabad)
Prof Rajiv V Gavai (TIFR, Mumbai)
Prof Rohini M Godbole (IISc, Bangalore)
Prof Srubabati Goswami (PRL, Ahmedabad)
Prof Suresh Govindarajan (IIT, Madras)
Mr Abhijit Garai (TIFR, Mumbai)
Dr Partha Ghose (NAS, Delhi)
Dr Kirtiman Ghosh(IOP, Bhubaneshwar)
Prof Rajesh Gopakumar(ICTS, Bangalore)
Dr Debabrata Goswami(IIT, Kanpur)
Prof Atul Gurtu (emeritus - TIFR, Mumbai)
Mr Abhik Jash (SINP, Kolkata)
Prof Bala Iyer (ICTS-TIFR, Bangalore)
Prof Pankaj Jain (IIT, Kanpur)
Prof Anjan S Joshipura (PRL, Ahmedabad)
Prof Kamales Kar (RKMV University, Belur)
Prof Sayan Kar (IIT, Kharagpur)
Dr Rishi Khatri (TIFR, Mumbai)
Prof Govind S Krishnaswami (CMI, Chennai)
Prof Ravindra Kumar (TIFR, Mumbai)
Dr Namit Mahajan (PRL, Ahmedabad)
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Support from all

National Science 

Academies

19/4/2018



THE TIMES OF INDIA

But not all agree …



4 November 2018

Even though INO is 

Backed by national 

and International 

Scientific community

2/11/2018
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1. Opinion: INO Status? 
Recently there was a mail from Sanjib Kumar Agarwalla that the present funding of INO is due to 
expire on 31st December 2019. Following this mail, Vivek Datar has commented that an extension 
till 31 March 2020 has been approved by PAC, DAE. In view of these statements, the time has 
come to assess various options even while efforts are being made to revitalise the project.  

Option 1: Optimistically, we hope that the Supreme Court will decide in favour of MoEF (in the 
appeal against the decision of NGT filed by an activist group which is pursuing legal opposition to 
stop INO at Theni). This will ensure that the environmental clearance already given will be valid. 
Then what? 
Again, optimistically, we hope that the TN state forwards a favourable opinion to the Wildlife Board 
and we get clearance from National Board of Wildlife Board too. Furthermore, based on the 
above clearance and another pending for civil construction at the site, the TNPCB will grant 
permission to establish the INO project at Theni. This will result in vacating the pending case at 
the High Court Bench in Madurai filed by the politician Mr. Vaiko (V. Gopalaswamy). 
Thus there are many things that should fall in place in a short time even after the extension 
mentioned above is sought and given. It is not impossible if the TN state government, after 
elections, firmly stands behind the INO project.  
It is our hope that this option will continue and hopefully all issues will be resolved before long and 
the construction begins. If not we must be prepared to consider alternative options. 
 
Option 2: As Datar has mentioned, if the funding expires, the INO project may be proposed again 
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Option 2: As Datar has mentioned, if the funding expires, the INO project may be proposed again 

The case is escalated to the Supreme Court …



https://www.newindianexpress.com/states/tamil-nadu/2020/oct/24/india-will-lose-edge-over-rivals-if-neutrino-project-in-tn-delayed-by-another-year-scientists-2214646.html

India will lose edge over rivals if neutrino project in 
TN delayed by another year: Scientists     24 October 2020

"After a year, other competitors will be ahead of us and there is no second prize for discovery 
in science," said Sandip Trivedi, noted theoretical physicist and former director of TIFR 

The India-based Neutrino Observatory (INO), an underground laboratory proposed in the 
Bodi Hills of Theni district in Tamil Nadu, has been a non-starter for years. If there is a delay 
of another year, scientists say the country would lose its edge over competitors.

China has begun construction of an Underground Neutrino Observatory (JUNO) near the 
city of Jiangmen in Guangdong province. The construction is likely to be completed by 2022. 
Similarly, other neutrino experiments, such as Hyper-Kamiokande (Hyper-K) in Japan and the 
Deep Underground Neutrino Experiment (DUNE) in the USA, are also under construction. 
Although the INO project had similar timelines, it got stuck due to difficulties in getting 
approvals both at the central and state level. 

Trivedi said India still has an edge over others. "The detector technology which TIFR and 
related institutes built is unique in the world. It's a great experiment. We have a unique way 
to do the experiment with proven ideas that no one in the world can match." He also rued 
the fact that scientists failed to convince the public and explain effectively the importance of 
the project. "It's a shocking failure." 

https://www.newindianexpress.com/states/tamil-nadu/2020/oct/24/india-will-lose-edge-over-rivals-if-neutrino-project-in-tn-delayed-by-another-year-scientists-2214646.html


Issues for discussion

ØWhat went wrong? 

ØWhat can be done now?

ØWhat lessons can be drawn for the future?

Ø Is public outreach the sole responsibility of the experts? 
What role should a (free and critical) media play?

Ø The role of basic education to ensure participatory democracy 
(especially when dealing with complex scientific questions)

How will this affect India’s status on the international stage?


