Indo-US Knowledge R & D Networked Joint Center Proposal 
1. Name of Joint Centre
Centre for International Linear Collider (ILC) Research and Development (R&D) on Accelerators and Detectors.
2. Nodal host institution for the centre
Fermi National Accelerator Laboratory (Fermilab), Batavia, Illinois - 60510, U.S.A.

3. Contact information of nodal US & Indian Principal Investigators 
1.) Dr. Shekhar Mishra, Deputy ILC Program Director, Fermilab, Batavia, Illinois, US.
2.) Prof. R.K.Shivpuri, University of Delhi, Delhi, India.

4. Contact information with affiliation for all US and Indian partners 
(Minimum of two Indian and two American institutional partners required)
US Partners

1.) Dr. Shekhar Mishra – Fermilab

2.) Dr. Marcel Demarteau – Fermilab
3.) Dr. Tor Raubenheimer – Stanford Linear Accelerator Center (SLAC)
4.) Dr. John Jaros - SLAC
Indian Partners
1.) Prof. R.K.Shivpuri, University of Delhi, India

2.) Dr. V.C.Sahni, Director, Raja Ramanna Centre for Advanced Technology (RRCAT), Indore

3.) Dr. Amit Roy, Director, Inter University Accelerator Centre (IUAC), Delhi

4.) Dr. Bikash Sinha, Director, Variable Energy Cyclotron Centre (VECC) and Saha Institute of Nuclear Physics (SINP), Kolkata

5.) Dr Srikumar Banerjee, Director, Bhabha Atomic Research Centre (BARC), Mumbai, India 
5. Executive summary
The proposed joint centre would be extremely beneficial for Indian and US Institutions, as it will allow them to share resources, man-power and expertise in the active field of accelerator and detector R&D. The establishment of such a centre is deeply motivated by the facts that (a) Fermilab is a host to the world’s current highest energy accelerator along with its state-of-the-art detectors and is playing a major role in the proposed International Linear Collider (ILC) program, and (b) Indian contribution to the next highest energy accelerator, Large Hadron Collider (LHC) and its detectors at CERN, Switzerland which will start operating in 2007-8, is very significant.
Fermilab and Indian Institutions have been collaborating on high-energy physics experiments since 1985, first on a Fixed Target Experiment E706 and than on the D0 experiment. Fermilab has been exploring the possibility of continuing the existing collaboration with India and expanding it to accelerator R&D, together with detectors R&D. The International Linear Collider (ILC) is a proposed future international particle accelerator with the highest priority recommendation by the International Committee on Future Accelerator (ICFA). The ILC would provide a tool for scientists to address many of the most compelling questions of the 21st century including -questions about dark matter, dark energy, extra dimensions and the fundamental nature of matter, energy, space and time. Mega International projects like ILC can gain significantly through this centre which will establish mutual collaborative efforts, specifically on accelerators and detectors, between various Institutions of these two countries. 
The heart of the ILC machine is the ILC Main Linac, which would accelerate the electron and positron beams to the energy of 250 GeV (in the first phase). The building block of the ILC Main Linac is called an RF-Unit, thousands of which would be repeated to accelerate beams to desired energy. The goal of the joint center is to allow sharing of resources among Indian and US institutions such that Indian Institutions fabricate a complete “ILC baseline” RF Unit (described in detail later). The RF Unit would then be shipped to Fermilab and tested in the ILCTA (ILC test facility) at Fermilab. This joint activity is bolstered by the fact that the construction of RF unit is considered as one of the most prioritized issues, worldwide, for the ILC R&D. 
Fermilab in the USA, along with several other national laboratories and universities are already involved in ILC detector R&D work. Indian institutes have expressed an interest in participating in ILC detector R&D.  It is clear that there are synergies in various detector related R&D areas that are being pursued in India as well as the USA. Given the areas of recent detector construction and development in India for high energy physics projects, we have identified several key areas for collaboration that have direct impact on the activities in India and the USA for the ILC project. The proposed initial list of areas for collaboration includes development of Double-Sided silicon strip sensors and their characterization, design and construction of prototype double-sided silicon detector modules, testing of front-end ASIC for the readout of double-sided silicon detector modules, exploration of the development and production of multi-pixel avalanche photo-diodes operated in Geiger mode, also known as Silicon Photo-Multipliers (SiPM) or Multi-Pixel Photon Counters (MPPC), Characterization of scintillator modules read out with SiPM’s, and participation in detector testing using the Fermilab Test Beam Facility.
6. Background and introduction of the subject area including the state of the art in India and US

The visiting scientists from India have made valuable contributions in the high-energy physics experiments at Fermilab, starting from the development and commissioning of the various detectors (like E706 and the D0 experiment) to the final data taking, analysis and publication of physics results. A few dozen students have received Ph.D. degrees under the India-Fermilab collaboration. This collaboration continues with continued participation of Indian institutes in the D0 experiment, and the University of Delhi collaboration on ILC Accelerator Physics.

During last decade, the focus of future of energy physics has been shifting from Fermilab to LHC at CERN. Indian scientists have made several valuable contributions to both the LHC accelerator and CMS detector. The Indian contribution to LHC accelerator includes Super-Conducting Corrector Magnets, LHC Magnet Stand, LHC Protection System, Vacuum System, Cryogenic System, Software Development, including Grid Computing, Support/Alignment and Magnet Measurement. These contributions have earned India a status of CERN Associate member state. 

The ILC would create high-energy particle collisions between electrons and positrons.  Fermilab is the site proposed by DOE for a U.S. sited ILC.

US and Indian institutions have held several meetings to discuss the areas of common interest in particle accelerator technologies. The last meeting in this series was held in India during the visit of the directors of Fermilab, SLAC, DESY and ILC-GDE to India in March 2006 followed by visit from DOE.  Their discussions with the Secretaries of the Department of Atomic Energy and Department of Science and Technology and the directors of RRCAT, BARC, IUAC and Variable Energy Cyclotron Center (VECC) have motivated the development of this proposal. 

We have identified several key areas for collaboration that have direct impact on the above-mentioned activities in India and USA.  The ILC consists of both an electron and positron source, damping rings to produce beams of small emittance, and two Main Linacs for the acceleration to the machine full energy of 250 GeV in each beam.

In the final leg, a beam delivery system (BDS) focuses the beams to a tiny spot where the large multi-purpose particle experiment is located.

The ILC Main Linac consists of about 560 RF-Units. The “baseline ILC” RF unit specifications can be found on the GDE website http://www.linearcollider.org/. An RF-Unit is shown in Figure 1.
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Figure 1:  “Baseline ILC” RF unit
Each RF-Unit is fed by one power system, which consists of a Bouncer style modulator that converts AC-power into high voltage, and a high power, 10 MW klystron that delivers RF electromagnetic power to the superconducting accelerating units called cavities, via room temperature waveguides and coupler.  Each RF-Unit is composed of three cryomodules. Currently each cryomodule contains eight 9-cell SRF cavities, a helium vessel surrounding the cavity, input power couplers for each cavity, higher order mode couplers (HOM) for each cavity, slow and fast tuning systems for each cavity, an overall alignment system. One of the three cryomodules contains a superconducting quadrupole, dipole, and beam position monitor for beam focusing, tuning, and diagnostics.  Discussions are in progress to change the design to one in which the non-quad cryomodules contain 9 cavities vs 8 in the current design.
A promising technology for the ILC detector’s tracking systems is the use of silicon strip detectors. India has recently developed the silicon strip technology for the CMS experiment at the LHC at CERN. There is considerable interest among the Indian research institutions and Indian industry to further the development of silicon strip technology to the development of double-sided silicon detectors.
7. Aims and objectives of the Joint Centre

On the accelerator front, the goal of the Joint Centre is to develop an ILC RF Unit. This work will develop on two parallel paths:
1) Indian Institutions will join the International Cryomodule Design Team with a few engineers stationed at Fermilab but the majority of work carried out in India. 

2) Indian Institutions will engineer and fabricated hardware Cavity tooling, Cavity, Tuner, He vessel, Cryogenic parts and cryomodule components. Fermilab will work with Indian Institutions in transferring the technical details. 
In particular, the ultimate goal is for India Institutions to fabricate a complete “ILC baseline” RF Unit which would be shipped to Fermilab and tested in the ILCTA at Fermilab. This will be Indian contribution to the ILC R&D. It is expected that Indian laboratories will either upgrade their existing infrastructure or build new infrastructure to carryout this collaborative work. Fermilab and collaborating institutions are developing SRF infrastructures for cavity fabrication; processing and testing, Cryomodule fabrication and testing. Indian institutions will join these design effort centered at Fermilab. Scientific and Engineering staff of Fermilab will work with the Indian Institutions in developing the design and subsequent construction of such infrastructure. It is expected that Indian physicists and engineers will visit Fermilab to develop technical expertise.
The proposed goals for collaboration on the detector front are:

a) Development of Double-Sided silicon strip sensors and their characterization

b) Design and construction of prototype double-sided silicon detector modules 

c) Testing of front-end ASIC for the readout of double-sided silicon detector modules 
d) Exploration of the development and production of multi-pixel avalanche photo-diodes operated in Geiger mode, also known as Silicon Photo-Multipliers (SiPM) or Multi-Pixel Photon Counters (MPPC) 
e) Characterization of scintillator modules read out with SiPM’s
f) Participation in detector testing using the Fermilab Test Beam Facility

8. Details about the partnering institutions in the Centre
The scope of these activities is to establish a program for near term accelerator and detector R&D activities between Indian Institutions (RRCAT, BARC, VECC, IUAC and University of Delhi), and Fermilab and SLAC from USA.
9. Details about sharing of manpower/ facilities and other stakes by the partners
This joint centre outlines the collaborative accelerator and detector technology R&D that Fermilab, SALC, Raja Ramanna Center of Advanced Technologies (RRCAT), Bhabha Atomic Research Center (BARC), Variable Energy Cyclotron Center (VECC) and Inter University Accelerator Center (IUAC), and University of Delhi (DU) plan to carry out for the development of SRF cavities and cryomodules for the ILC, high intensity proton accelerator and any other accelerator using similar SRF technology. The details of the sharing of manpower and resources are provided in the next point.
10. Specific activities to be undertaken in the two years period (plan of work, experimental methods, activities to be undertaken by the Indian and US collaborator, proposed dates/ duration of visits etc)
We propose to start with following small projects with well defined deliverables that could lead to construction of an RF Unit in India.
1) Develop Cavity Fabrication tooling

2) Fabrication of 1-Cell TESLA Shape cavity

3) Fabrication of 9-Cell ILC Cavity (TESLA Shape)

4) Fabrication of an ILC Tuner

5) Collaboration on the design of the ILC Cavity and Cryomodule

6) Design and construction of cryogenic components for ILCTA@Fermilab 

1) The scope of work begins with fabrication of cavity tooling sets for Indian laboratories and Fermilab’s use. RRCAT will evaluate the designs of the tooling and prepare a bill of material it expects Fermilab to deliver. India will build 3 sets of tooling. Fermilab will deposit X% of the US cost in the ILC-India account at Fermilab. The amount will be decided by mutual agreement. 
2 & 3) Indian will fabricate three single-cell 1.3 GHz solid niobium “TESLA design” accelerating cavities and move towards a complete RF-unit consisting of three 9-cell 8-cavity cryomodules that is shipped to Fermilab for testing with beam at the ILCTA. We envision this work to develop in smaller steps as both Indian laboratories and Fermilab develop infrastructure. We are proposing to start with single-cell cavities to get all the fabrication, processing and testing infrastructure in place. It is expected that Fermilab will do the initial QC on the components but will transfer the expertise to Indian laboratories.

The material (RRR-300 niobium as specified in the cavity fabrication document) for three single cell cavities, as well as one 9-cell cavity will be provided to India by Fermilab. All drawings necessary for fabricating the single cell and multi-cell cavity design will be made available on the password protected ILC-EDMS website by Fermilab, as it is available to any TTC member. After the first single cell is fabricated in India, it will be shipped to Fermilab for processing, testing and qualification.  Fermilab in collaboration with other US laboratories will initially process all cavities from India.  Fermilab will share with Indian Institutions all technical details for developing their SRF infrastructure. Indian Institutions could also develop a 9-cell cavity processing and vertical test facility to qualify subsequent cavities. Fermilab will help in the design and development of such a facility, including acquiring of 1.3 GHz RF Power source needed for the testing. Fermilab will make available on the password protected ILC-EDMS website drawings of the Fermilab processing and vertical test facility to India. This facility can be used initially for single cells. India could add thermometry to their design to allow further diagnostics. Once the Indian vertical test facility is developed, then comparisons of test results will be exchanged on the same cavities to permit calibrations of the facility.  
4) The present ILC Baseline design of the cavity tuner is the INFN Co-axial Blade tuner. BARC will develop the infrastructure for fabrication of such a tuner. Fermilab, INFN and other with its collaborating institutions will help in warm and liquid nitrogen tests of these tuners in India. The final tuners will be installed on a cavity in US and will be tested with High Power in the Horizontal Test Stand at Fermilab. An individual tuner is needed for each cavity. BARC will build 24 tuners, plus spares for an RF Unit. The development of the tuners is expected to take place in parallel to the cavities.
5) ILC is working on a new design of an ILC Cryomodule. This work is being coordinated by Fermilab. This work requires extensive engineering and drafting side. BARC with its Center of Design and Manufacturing and RRCAT can significantly contribute to this design effort. We propose to have a few design and drafting engineers stationed at Fermilab in the initial phase to understand and outsource the work to colleagues back at BARC and RRCAT. Indian laboratories already have the base software needed for this work. Fermilab will assist BARC and RRCAT in the installation of EDMS and drafting software needed for this work.
6) Indian laboratories and companies have considerable expertise in design and construction of the cryogenic components needed for the ILC Cryomodule, cavity and cryomodule testing. Examples include Feed and End cans, Cryo-vessel for the Vertical Test Stand, Cryogenic distribution pipes, Cryomodule Vacuum Pipe etc.  Fermilab has acquired these components in the open international market.  Similar components are in use at Indian laboratories. BARC, RRCAT, IUAC and VECC will work with Fermilab on the design of these cryogenic components. Indian laboratories will help acquire these components from Indian vendors at prices that are expected to be attractive w.r.t. the open international market.
Double-sided silicon strip detectors with intermediate strips could be developed in India. A possible detector layout is axial strips on one side and small angle stereo strips on the other side. No double-metal layer is foreseen for the initial prototype detectors. Characterizing prototype detectors will be shared between Fermilab and Indian research institutions. Characterization of the detectors includes CV- and IV-measurements, measurement of the inter-strip capacitance and resistance, poly-silicon and implant resistance and for AC-coupled devices, coupling capacitance. Detectors brought to Fermilab will be irradiated and irradiated detectors will also be characterized. Readout electronics will be mounted on some sensors, utilizing either the existing SVX4 or FSSR readout chip or a newly developed chip. Sensors will be tested in the test beam at Fermilab with a 120 GeV proton beam. 

Silicon micro-strip detectors are an obvious choice to achieve the best tracking precision and durability, but a mass-produced silicon tracker has never before been assembled within an acceptable material budget. The design of a low-mass tracker module is key to meeting these requirements. Novel designs for sensors and readout chips exploit the ILC timing structure to eliminate the hybrid circuit board and liquid cooling, drastically reducing the mass penalty for having a large number of readout channels. This freedom allows the sensor design and tracker layout to be optimized for the best single-hit precision and pattern recognition: fine-pitch sensors with short strips to achieve high signal-to-noise and low occupancies. Indian institutions could contribute significantly to the design and development of a low-mass silicon detector module that can be mass produced. The mechanical design would rely upon the industrial manufacturing of high-performance composites and ceramics and efficient assembly techniques to achieve low mass and simplified production. The goal would be to design a double-sided silicon module that meets an overall mass budget of at most 0.8% X0 per layer. This design would need to be applied to both the barrel as well as the forward tracking regions. 

An integral part of the development of silicon sensors and readout modules is not just the sensor level tests, but ultimately also testing full silicon modules with the associated front-end readout electronics. It is foreseen that a front-end ASIC will be mounted either directly on the sensor or on a hybrid. Indian institutions could play a critical role in testing and characterizing the performance of detector modules in system integration tests. 

Recently multi-pixel avalanche photo-diodes operated in Geiger mode have been developed to be used as detectors in particle physics experiments. These devices are also known as Silicon Photo-Multipliers (SiPM) or Multi-Pixel Photon Counters (MPPC). This technology is very promising. The devices have high gain (≈106) with photon detection efficiencies (PDE) of the same order as the PDE of photo-multiplier tubes (PMT). They have a distinct advantage over the conventional PMTs, however, due to their small size (1mm x 1mm), low operating voltages (≈ 30-80V) and insensitivity to magnetic fields. Furthermore, the small size of the sensors implies that they can be mounted directly on the scintillator tiles. This has a number of beneficial effects related to light output, cost and simplified architecture. A collaborative effort could be initiated developing these devices by Indian industry. Furthermore, a collaboration could be established characterizing these devices. We propose to study the working point of these devices, the dark rate, linearity of response, temperature dependence, stability, radiation damage, blue sensitivity and immunity to magnetic fields. Fermilab and India can collaborate on the design and construction of novel scintillator detectors. SiPM’s offer the possibility for compact, fully integrated detectors. We propose to collaborate on the design of these fully integrated detectors and enhance the performance to meet the specific physics requirements. Fermilab intends to further develop the readout electronics for SiPM’s and provide an LED pulser calibration system. 

Since there is broad applicability of these devices, not only within the high-energy physics detector community, but also in medical applications, notably positron-electron tomography, Indian industry could be interested in the production of these devices. 

The availability of test beams will become very limited over the course of the next few years. The beamlines at DESY and SLAC provide only electrons at modest energies. CERN and Protvino provide a wider spectrum of particle beams. Access to the CERN test beams, however, might be severely curtailed due to priority of the LHC experiments. The accelerator at Protvino provides beams for only a few months a year. The beamlines at KEK will close at the end of this year. This leaves Fermilab as the only laboratory that can provide test beams with a wide range of particles and energies for users in the Americas and the Far-East and forms a unique opportunity for Indian scientists to be involved in the R&D of new detector technologies and the operation of detectors with real beam conditions. 

We foresee a significant, long-term need for beam tests. The detectors at the ILC are envisioned to be precision instruments that can measure Standard Model physics processes near the electroweak energy scale and discover new physics processes beyond it. These detectors are a far extrapolation in performance and technology from the current generation experiments. The ILC physics requires low-mass vertex detectors and the particle flow algorithm concept needs to be established. These are two key areas where scaling of at least an order of magnitude in current technology and performance is required. Test beams will constitute a critical step in establishing the detector concepts not only for the ILC but for new projects in general. 

The MTEST facility at Fermilab offers a unique opportunity for Indian physicists to work on the development of new detector technologies. In addition, Fermilab has an unparalleled infrastructure for the design, testing and construction of new detectors and has the associated intellectual expertise to support these. The activities at these areas are supported by very strong mechanical and electrical engineering departments. Indian scientists can collaborate with Fermilab scientists in running and operating the Fermilab test beams for characterization of detector R&D.  

11. Expected outcome specifically in terms of furthering bilateral cooperation/interactions and other substantive follow-ups
The ILC RF Unit could be a building block of many other accelerators beside ILC including the High Intensity Proton Accelerators, XFEL, ERL and Spallation Neutron Sources. Fermilab and India laboratories are interested in collaboration on the SRF R&D that could lead to a construction of these accelerators in respective countries. The Si based tracking detectors to be used in ILC are state-of-the-art detectors, and it is supposed to be very promising technology for the future high-energy-physics detectors. Both the US and Indian institutes can gain significantly from the expertise of the two countries. 
As the proposed ILC machine is the long term project, so as the follow up it is foreseen that the joint R&D among the involved institutes will continue for approximately another 10 years. 
12. Proposed mechanism for IPR sharing 
The IPR sharing has already been well defined and described in detail between the Institutes involved in two documents: (1) Memorandum of understanding between US Universities and Accelerator Laboratories and Indian Universities and Accelerator Laboratories concerning collaboration on R&D for various Accelerator Physics and High Energy Physics Projects (enclosed as Annexture-1)and (2) Tesla Technology Collaboration Memorandum of Understanding (http://tesla-new.desy.de/content/e603/e744/e745/MoU.pdf), enclosed as Annexture-2. It is to be noted that proposed mechanism for IPR sharing will be exactly as envisaged in these two documents, which are enclosed herewith.
13. Proposed monitoring / reporting mechanism for the Centre
1. The Centre will submit a detailed progress report of the undertaken activities every six month.
2. The Centre will report its progress through the specific presentations to the Indo-US Science & Technology Forum.
3. The Centre will also invite the members of the Indo-US Science & Technology Forum to the peer reviewed meetings, which will be periodically held in order to check the progress of ILC R&D among the various institutes of these two countries, and in general also. 
14. Brief CV's (not more than 2 pages each) of all Principal partners
Attached as separate sheets (Annexture-3 for the CV of Shekhar Mishra, and Annexture-4 for the CV of Prof. R.K.Shivpuri).

15. Total estimated cost in the prescribed Budget Format

i.Funds sought from the IUSSTF under specific budget lines ~ $169000 per year.

ii.Expected funding from other sources including in kind contributions
BUDGET FORMAT FOR JOINT CENTRE (FOR THE TWO-YEAR PERIOD)

FUNDING CONTRIBUTION (FIRST YEAR)

	REQUESTED BUDGET FROM IUSSTF 

	
	No. of People
	To/From
	Unit cost
	Duration
	Amount

	1. US researchers to India
	
	
	
	
	$29250

	(i). Airfare

(Tickets to be provided by IUSSTF travel desk)
	6
	To Delhi , Mumbai, Kolkata and Indore      From Chicago and San Francisco

	$1500 
	
	$9000

	(ii) Accommodation 
	6
	
	$100 per day
	15 days each
	$9000

	(iii) Subsistence allowance
	6
	
	$100 per day
	15 days each
	$9000

	(iv) Associated Cost

(visa, travel medical insurance, airport transfers)
	6
	
	$25 per day Medicare covered
	15 days each
	$2250

	

	2. Indian researchers to US
	
	
	
	
	$134400

	(i). Airfare

(Tickets to be provided by IUSSTF travel desk)
	15 
	from Delhi , Mumbai, Kolkata and Indore         To Chicago and San Francisco


	$1500
	
	$22500

	(ii) Accommodation 
	15
	
	$3000 per month
	12 months
	$36000

	(iii) Subsistence allowance
	15
	
	$ 50 per day
	one person per 3 months 
	$67500

	(iv) Associated Cost

(visa, travel medical insurance, airport transfers)
	15
	
	Car - $600 per month + others - $100 per month
	12 months
	$8400

	· 3. Dissemination of research & education materials and reports
	$5350

	GRAND TOTAL REQUESTED FROM IUSSTF
	$169000

	

	PARTNERS CONTRIBUTION

	Head
	Indian Partner 1

US$/Rs
	Indian Partner 2

US$/Rs
	US 

Partner 1

US$/Rs
	US 

Partner 2

US$/Rs

	1.Non-recurring expenditure

(equipment, accessories, etc)
	
	
	
	

	2. Recurring expenditure

(Manpower, consumables, equipment utilization, contingencies)
	
	
	
	

	Funding from any other funding sources


FUNDING CONTRIBUTION (SECOND YEAR)

	REQUESTED BUDGET FROM IUSSTF 

	
	No. of People
	To/From
	Unit cost
	Duration
	Amount

	1. US researchers to India
	
	
	
	
	$29250

	(i). Airfare

(Tickets to be provided by IUSSTF travel desk)
	6
	To Delhi , Mumbai, Kolkata and Indore      From Chicago and San Francisco


	$1500 
	
	$9000

	(ii) Accommodation 
	6
	
	$100 per day
	15 days each
	$9000

	(iii) Subsistence allowance
	6
	
	$100 per day
	15 days each
	$9000

	(iv) Associated Cost

(visa, travel medical insurance, airport transfers)
	6
	
	$25 per day Medicare covered
	15 days each
	$2250

	

	2. Indian researchers to US
	
	
	
	
	$134400

	(i). Airfare

(Tickets to be provided by IUSSTF travel desk)
	15 
	From Delhi , Mumbai, Kolkata and Indore         To Chicago and San Francisco


	$1500
	
	$22500

	(ii) Accommodation 
	15
	
	$3000 per month
	12 months
	$36000

	(iii) Subsistence allowance
	15
	
	$ 50 per day
	one person per 3 months 
	$67500

	(iv) Associated Cost

(visa, travel medical insurance, airport transfers)
	15
	
	Car - $600 per month + others - $100 per month
	12 months
	$8400

	· 3. Dissemination of research & education materials and reports
	$5350

	GRAND TOTAL REQUESTED FROM IUSSTF
	$169000

	

	PARTNERS CONTRIBUTION

	Head
	Indian Partner 1

US$/Rs
	Indian Partner 2

US$/Rs
	US 

Partner 1

US$/Rs
	US 

Partner 2

US$/Rs

	1.Non-recurring expenditure

(equipment, accessories, etc)
	
	
	
	

	2. Recurring expenditure

(Manpower, consumables, equipment utilization, contingencies)
	
	
	
	

	Funding from any other funding sources


