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2003: Interaction Meeting 

• 1st Indo-US Interaction meeting, Nov. 2003, New Delhi.   

• Supported by High level Indian and US government & 
management  

• 19 US physicists and 70+ Indian Scientists participated. 
• US-India discussed accelerator and neutrino physics collaboration 

• Working group formed to develop collaboration 

• Outcome:  
• Indian science management, DOE and Fermilab agreed to 

develop a new collaboration in Accelerator and Physics 

 

2003-06: Indian and 

Fermilab scientists visited 

institutions to understand 

and evaluate strengths 



Guiding Principles 

Exciting Science 

Leapfrog Indian 

program and Interest 

Training of future 

scientist 

Strengthens India’s 

scientific and Industrial 

infrastructure 



Institutes to Institutes MOU: Jan 2006 

2012: IIFC 



2006-7: Technical Work 

• BARC and RRCAT physicists and engineers visited 

Fermilab to discuss details of technical collaboration. 

Focused on Cavity 

Development and 

Accelerator Physics 



2008: Fermilab  India 

Dr. Pier Oddone, in a letter to 

Dr. Anil Kakodkar, Secretary, 

DAE invited India to collaborate 

on High Intensity Proton 

Accelerator: Project X 

Dr. Kakodkar sent a very 

positive response: 

Requesting development of a 

“Phased Collaboration Plan” 



2009: IIFC   
• Jan 2009, During the signing of the Addendum MOU III 

at Indore, Dr. Kakodkar and Dr. Oddone agreed on the 
• Concept of “Total Project Collaboration” 

• Fermilab changed the HIPA design to CW 
 

• Nov 2009, Indian Institutions and Fermilab Collaboration 
also established an addendum MOU IV to join Neutrino 
Physics experiments at Fermilab 

• MINOS/MINOS+ 

• NOvA 

• LBNE 

 
 



Technical work under MOUs 
 

1. “Fermilab, RRCAT, BARC, IUAC and VECC Collaboration on ILC Main Linac SRF Accelerator 
Technology R&D” (Signed on: October 2, 2007) 

 

2. “SLAC, RRCAT, BARC, IUAC and VECC Collaboration on ILC RF Power Sources and Beam 
Dump Design R&D” (Signed on: December 3, 2007) 

 

3. “Fermilab and Indian Accelerator Laboratories Collaboration on High Intensity Proton 
Accelerator and SRF Infrastructure Development” (Signed on: February 10, 2009) 

 

4. “US and Indian Institutions Collaboration on Neutrino Physics, Related Experiments and 
Detector Development” (Signed on: November 10, 2009) 

 

5. “Fermilab and Indian Accelerator Laboratories Collaboration on RF Power Development for 
High Intensity Proton Accelerator” (Signed on: August 22, 2011) 

 

6. “Fermilab and Indian Accelerator Laboratories Collaboration on RF Power Development for 
High Intensity Proton Accelerator” (Signed on: August 22, 2011) 

 

7. “Fermilab and Indian Accelerator Laboratories Collaboration on Instrumentation and Control for 
High Intensity Proton Accelerator” (Signed on: August 22, 2011) 

 

8. “Fermilab and Indian Accelerator Laboratories Collaboration on Accelerator Physics issues for 
High Intensity Proton Accelerator” (Signed on: August 22, 2011) 

 

Covering all aspects of 

Project X, Indian 

Accelerators and Fermilab 

Neutrino Program 

Aug 2011 



1.3 GHz Cavity Development 

• Fabrication of cavity at 

RRCAT in collaboration with 

IUAC 

• Processing and testing at 

FNAL/ANL 

 



Indian Institutions at Fermilab 

+ 

Before 2006  

Now  

+ LBNE 



IIFC – Accelerator 2010 

Technical people in 

India ~100 



Banerjee: Discovery Science 

• Dr. Banerjee in May 2010, requested DOE for a 
“Road Map” for the Fermilab Collaboration. 

• He charged the IIFC to prepare a plan that would 
expand the accelerator collaboration to include 
physics collaboration with Fermilab.  

• The program should be rich in Physics 

• Indian contribution should be significant and DAE-DST 
Ownership 

• Contribution should have synergy with interest and expertise 
in India 

• Development of Indian manpower, laboratory and industrial 
infrastructure 

• The collaboration has developed such a program and 
was submitted to DAE in 2011. 

 



DOE-DAE Implementing Agreement 

 Discovery Science: The United States’ Department of 
Energy and India’s Department of Atomic Energy signed 
an Implementing Agreement on Discovery Science that 
provides the framework for India’s participation in the next 
generation particle accelerator facility at Fermilab.  

 

 http://www.state.gov/r/pa/prs/ps/2011/07/168740.htm 



India and the HEP/NP World 

Indian Institutions Collaborates with  

International Laboratories 



The New Frontier: India-Fermilab 

 Indian Institutions and Fermilab Collaboration is jointly 
building infrastructure, accelerator and physics program(s) 
in India and at Fermilab for the programs of vital interest to 
both countries. 



India International Collaboration 
Physical Sciences 

• Large Hadron Collider (Switzerland) 

• Facility for Antiproton and Ion Research (Germany) 

• Laser Interferometer Gravitational Wave (India) 

• Square Kilometer Array (Australia, S. Africa) 

• Thirty Meter Telescope (USA) 

• Solar Energy Development (India) 

• Discovery Science Collaboration(US-India) 
• Project X (Fermilab, USA) 

• Long Baseline Neutrino Experiment (Fermilab, USA) 

• Nuclear Energy Accelerator (BARC, India) 

• Spallation Neutron Source (RRCAT, India) 

• Material Science (IGCAR, India; Fermilab) 

Discovery Science is the only  “Total Project Collaboration” 



US-India Strategic Dialogue 

Project X and Physics Program are No 1 deliverables to the 

Joint Coordination Meeting 



Accelerator: DAE-DOE-Fermilab 

RRCAT 

BARC 

Basic Science 
Material Science 

Energy and Medical 

  In the 12th and 13th plan of India 



Project X and Its Physics Program 

Stage 1-3:  
Neutrino Physics: 

 

  Mass Hierarchy 
  CP violation 

  Precision measurement  

S1&2: 

Next generation muon-
to-electron conversion 

experiment 

Technology Demonstration  

Facility 

1 GeV 

S1&2: 

K+ 
g p+nn:  >1000 

events, Precision rate 
and form factor 

S1&2: 

Nuclear edm 
experiments  

S1 S2 

S3 



Neutrino Physics Program 

• Fermilab and the Indian Institutions within the 

“Discovery Science” collaboration are jointly working 

on Neutrino physics program.   

• Focus on neutrino physics (MINOS, NOuA, LBNE) 

• Joint development of detector and associated 

technologies 

 



Lots of documents to DAE/DST 

Addresses all the 

mandates given to the 

collaboration by Secretary, 

DAE, DST and DOE 



22 

LBNE Near Detector Building   

LBNE-India proposal to the Government of India could 

fund the LBNE Near Detector 



What does it takes to be No 1 

30 trips in last five years to India. 

Listening to both sides 

Keep focus on the directives and goals 

Meeting the deadlines 

Anticipating what the policy maker would like  



Summary 

• Fermilab along with its US and Indian collaboration is 
making significant R&D, infrastructure and industrial 
progress that could lead to  

• The Neutrino and Material Science Experiment 

• Project X construction at Fermilab. 

• Construction of two vital accelerators in India 

• Training of next generation of scientists  

• We have set the foundation of a very strong technical 
collaboration with Indian Institutions. 

• US-DOE and Indian DAE are working to finalize two project 
Annexes for the funding of Fermilab and Indian-DAE 
programs 

• Support of all collaborating institutions for this unique 
collaboration is very strong 

• Working with DOE/DAE-DST in making developing the next 
stage of this program.  

 



Thanks to All who helped 



Wind of Change 


