A PERSONAL VIEW-POINT

1. Have collaborated and worked at Fermilab since 1987
v’ E706 - 1987 -1991
v’ DO -1992 -1997 and 2004 - end....
v MINOS - 1997 — 2006 and MINOS+ (will make application)
v NOVA — 2002 - 2006 and 2012 (26t April 2012 onward.....)
v" MIPP too.
v' LBNE - 2010 onward
2. The laboratory needs to have a long term vision — not just an
experiment
3. Yesterday, Steve Holmes and Bob Tschirhart presented it very
succinctly
4. Project-X and experiments associated with it at the Intensity
Frontier (2 MW or more beam power) is the future of Fermilab
and HEP on US soil
5. The larger international community is looking up to US HEP

...deadership to provide this opportunity and they will participate
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INDIAN INSTITUTIONS & FERMILAB COLLABORATION - 2006

Memorandum of Understanding
between
US Universities & Accelerator Laboratories
and
Indian Universities & Accelerator Laboratories
comecerning

Callaboration on RéD for Various Accelerator hysics and High
Energy Physics Projects

Janmary 9, 1006
1. Introduction
1.1 General Descriplion

Thes Mlemorandum of Understanding (MOU)  establishes a callaboralian
framework betwesn various US and Indiam Accelerator Laboratories and
Uniworsities, besinafter referned to as the “Parties”, to pursue coordinated "*!-k_ll in
areas of mutual inferest pertaining to acosherator and high erengy phopsics projects.
This agreement between the Parties (5 made to further the objectives of any
existing, vakional and inbernaticnal collaboratioms, and  shall mol _all\-_.* rl'l!!h.'
callaborations, This MOLU between the Pacties is pot @ Jegal contractua obligatm
om thee pairt of any of the institutions that are o pasty bo the agreement

12 Orbjectivee

The objective of this MOL is to document the berms under which work of the
Parties is b bir performed.

13 Scope

Thas MOL convers woek 1o be pesformed by the Parties. in the funthermnce of the
goals of the collaborations and the specific R&D tasks within the topics of
collabaration.

14 Initial Lisi of Participating Institations

The Sollowing is a list of the Institntions that are a party b the collaboration. The
Parties agree that after motual consulfation, they would favecably corsider
admitting mew partner institationg from  the (154 and India who wint to
cotribute krwards the objective of this Agneensent
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Accelerator collaboration progressing well

Brajesh Choudhary's 5 minutes



ON NEUTRINOS - 2009

- Fammi Matikonal Acceleraion Laboralory
ﬁ Fermllﬂb P03 Box 500 & Batwva, (L & B0510-0500
£30-840-3211 (nhora)

E0-840-2500 (fax)

Dirgoters Cifica

Movember 08, H009

Prof. Brajesh Chandra Chowdhery
Department of Physics & Astrophysics
Uniwersity aff Delhi

Delhi - 1100477, India

Prof. Sanjib Mishra

Depariment of Physics and Astromany
Unawersaty of South Casoling
Columbia, SC- I9008

Dear Prof. Choudhary and Prof. Mishm,

PFermilab's program for the next decade includes investigation of physics at the intensity frontier
whilbe vigomously participating in energy frontier physscs al LHC and the cosmec [rontier. With
the energy frontier moving from the Fermilab-Tevatron to the CERN-LHC. & significant fraction
af ouwr Indizn collaborators will shift (o LHC.

Scientists from U5 and Indian institutions have been collaborating on high ensrpy physics
experiments a1 Bermilab since 1985, Togethes we have made valuable contributions to the
Fermilab program. Recently we have developed strong sceslerator collaboration with the Indian
Department of Atamic Energy laboratories. This collaboration s making considerable progress
in contributing te the proposed Project-X R&D and SRF infrastnacture. We have been exploning
the possibilities of expamding this collaboration to the intensity frontier physcs al Fermilab, 1
would like to seek wour help, a3 @ member of peutring experiments a1 Fermilab and with ties to
physics community in India, im establishing neutrino collabormtion with Indian institutions

1 am requesting you b work with Shekhar Mishra, Fermalab, in developing this collaboration.
While working with the management of the respective Fermilab experiments, you would serve as
the Technical 'F‘rr.vjnr.l Mnr.ig;:rs fior the work that would be carmied by Indimn institutions
cillaboratson.

Themk you,
Sincescly,

— termaria 1. Oddome,
Laboratory Drrector

Farryl Mitionial Accebriler Labeoriorp | Kirk Poss and Pirs Sl ¢ ®50. Boa 500 Balisi L 5050 EENUSS0UNN0 | wies Bl G | brmal il opny
mu-uurn-ums Dsporimeant of Baargy (¢ Maasged by Formi PMoeerch Aeros, ULC
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lIFC - vP - 2009 ONWARD

ADDENDUM
to the

Memorandum of Understanding
between
US Universities & Accelerator Laboratories
amd
Indian Universities & Accelerator Laboratories
concerning

Collaboration on R&D for Accelerator Fhysics and High Energy Physics
Projects

Add.enduml IV: *US and Indian Institutions Collaboration on Neutring
Physics, Related Experiments and Detector Development.”

Nowv 10, 2009

1. Authority and Limitations

Pursuant to the Memorandum of Understanding (“MOU™") betwesn the US.
l.|_1:wn-i:jt-: & Accelerator Laboratories and Indian Universities & Accelerator
Laboratories dated ].'=||u.'|r}- 9, 2006, Fermilab and Indian Accelerator Laboratories {the
“Farties”) Intend to undertake the work described in this Addendum TV. The Parties
acknowledge that their intended work shall be consistent with the terms and conditions
of the MOL, the terms and conditions of their respective contracts and programs, and
subject to the availability of appropriated funds as peoviclisd to them. The Parties further
.J_l.knnw]u:d ge and understand that their agreement with and slgnature to Addendum 1YV
does not create a legal, contractual obligation for either Party nor may form the basis of
& claim for reliance thereon. The Parties agree to cormprort their activities under
Addendum IV in conformance with all applicable US. and Indian laws and regulations,
including those related to expart control

2. Introduction

The work detailed in this document falls within the scope of the MOU cited above, 1t
addresses two key areas of collaboration mentiened in the main MOU. These are: (i)
MNeutring Physics; and (i) Development of Novel and Large Particle Detectors. AR
terms and conditions under which the work will be carried out are found within the
main ML
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COLLABORATING ON MIPP, MINOS+, NOVA, LBNE

The following concur on the terms of this Memorandum of Understanding Addendum:
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Prod. Brajesh Choudhary,  Date Prof. Sanjib Mishra Date
Technical Project Manager Technical Project Manager
University of Delhi, India University of South Carolina, Columbia

Collaborating Institutions:

Banaras Hindu University, Varanasi

Cochin University of Science & Tech., Cochin
University of Delhi, Delhi

lITG, Guwahati

lITH, Hyderabad

Jammu University, Jammu-Tawi
Hyderabad University, Hyderaba
Panjab University, Chandigarh
More Institutions to join.




DEVELOPMENTS DURING - 2011

Coordination Committes and Working Groups for Project-X
Mustansir Barma, Director TIFR
Pier Oddonae, Director Fermilab

May 257, 2011
Working Groups
Fi
' o S :
Vs T gy I My e Y (i — A Warking Group Indian Members US Members
Prof. Brajesh Choudhary, Delhl | Prof. Sanjic Mishra, USC
. Unkeprsity
The purpose of this note & o inform colleagues whao are interested in experiments with Project X a1 Mawtving Flysles Dir. Geiradyn Zellér, Fermilab
rermilab that we ane appointing a Coordination Committes to guide the India-US collaboration in these Prof. Raj Gandhi ,HEI
= i 7 s i 3 . i L5, =t e i | d — | (e e esaeam—
guperiments, The Coordination Committée W Il ponsist of 3 members each from India and the LLS orof Rahul Sinha IS g T e

respectively. This Coordination Committee & charged with gathering inputs and coordinating a possible fare Prockses
phwysics collabaration plan irvohing both sides. 13 wauld carry out this task by interacting clodily with six Prof. Tarlg Aziz, TIFR

working groups, each of which sould Include members from both skdes. The Coordination Committes | | |
Prof. &K, Jain , IIT, Roorkee Dr. berry A, Nolen, ANL

will send a periodic report to the directors of TIFR and Ferrnilab

The members of the Coordination Committes and the Working Groups are listed bebow Nuclear Physics D R.E. Choudhary , BARC

Dr. Ushasi Dasta Pramanik , SINP

; i MR Y. A Moh A
Coordination Committes Nucdoar Energy Dr. B.K. Panigrahi , \GCAR Or. Y. . Mohamed Cohar, AHL

Jugad . Shekhar Mishra, Project-X, l |
prof. Shashi Dugad, TIFR, O, Shekhar Mishra j = ppes 5 Dr. . Sugathan , IAC Or. Marcellings Demartean, AHL
Callabaration Coardinator Collaboration Coordinator etector and Electronics

Development Prof. 5. Gupta , TIFR
- . | : !
- 5 i € T | 7 =
Prof. Amit Roy, IUAC 1w Bobert Techirbart Partidle Production and | ot Radhay Shyam SN Or. Rajendran Raja, Fermilab
rof, Amit Roy, WAL, ) 1 TsC R, ;

Project-X Physics Program Project-% Physics Program Hyper-nuclel Expariment | b o oker Chatterjes | BARE
o, B, Mohanakrishnan, IGCAR D, Robert Plunkett, Fermilab,
Muclear Energy Prograrm Meutring Program

A proposal has been submitted to the Indian Science

Management for funding during next two 5 yrs cycle.

V U 5
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!& U.S. DEPARTMENT OF STATE

U.S.-India Science, Technology and Innovation Cooperation
Office of the Spokesperson

Washington, DC

July 19, 2011

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-DAE & USA-DOE are negotiating details of Accelerator and Physics

Collaboration that includes Neutrino Physics and Detector for LBNE.




GUIDELINES FROM THE FUNDING AGENCIES

The program should be Physics Rich
v' Compelling Neutrino Physics
v’ Physics of Near Detector (LBNE) - Rich Physics — ~50 PhDs
¢ Participation by Experimentalists / Engineers
s Exploration by theorists due to richness of the program
Indian contribution should be significant and should have DAE-DST
ownership (and should be in the range $50M)
v Design, built, and operate Magnet + ECal + Muon system or some
combination of them.
Contribution should have synergy with interest and expertise in India and
with INO program
v Expertise exists in magnet design, scintillator (for ECal and/or muon),
and RPC (muon) detectors and SiPM (Ecal) readout
v' Complements INO physics program
Participation in LBNE-ND fits the bill in all respects. This has been proposed
in next 5(10) year DAE budget plan. Will know the reality soon.
INO Physics reach will be strengthened by the precision measurement of
cross-sections and particle multiplicity using LBNE-ND.
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PERSONAL VIEW ON LBNE ND - HIResMv & LBNE PHYSICS

Muon ldentifier

Vision for LBNE:

Various Formats for ND . Long baseline — for broader physics
v'Cadillac Design . Large Detector — Underground — Beam + Sky

1
2
/Toyoya Corolla Version 3. H!gh Bean.1 Power - for |:freC|5|on .
. 4. Hi-resolution ND — physics + systematic
v'"Nano Version

5. A facility not just an experiment — even

4/26/2012 ... if it can be only done in multiple phases




