Annex 3 

The ILC and related Projects


The Indian High Energy Physics Community is interested in the physics studies at the International Linear Collider, (the ILC) which is the next frontier of research in the subject. The community is in a position to do so meaningfully in view of its important contributions to the subject of collider physics till date. The HEP community, in its road-map for the next 20-25 years, has identified the ILC and the INO as the two activities which the community is keen on pursuing. The ILC technology has commonality with that of the X-ray Free Electron Laser (XFEL), the High Intensity Proton Accelerator (HIPA) as well as the Facility for Antiproton and Ion Research (FAIR). The accelerator Physics Community is keen on participating in the design and construction of the advanced accelerator projects such as the ILC, XFEL, High Intensity Proton Accelerator (HIPA) and FAIR. The Nuclear Physics Community is interested in doing physics with the Radioactive Ion Beam (RIB) and FAIR. It may also be noted that the condensed matter and material science community is keen on participation in the physics studies that are possible with an XFEL. The participation in the design and construction and in the R&D of facilities such as the ILC, XFEL, HIPA and FAIR will enable our accelerator community to take part in highly advanced technologies in the important accelerator field. 


All of these programs have a major component of international collaboration and participation in them will allow the Indian scientific community to take its rightful place in the world scene. Even more importantly, participation, as mentioned above will also feed back to the domestic programs in a major way. The annexes below (3a, 3b, 3c and 3d) give the details of the different projects, their current status, funding breakup and work methodology.

Annex 3a 
The ILC Project


A meeting was held on 11.07.06 in the Tata Institute of Fundamental Research (Mumbai) to exchange ideas regarding the Indian involvement in Advanced Accelerator Projects and the ILC, as well as the formation of an ILC and Advanced Accelerator Technologies Forum. The group examined various aspects of participation in these by Indian scientists, maintaining a synergy with existing and planned programs in related areas in the country:

1) The R&D of the design and construction of the International Linear Collider, the ILC and the advanced accelerators, in particular the High Intensity Proton Accelerator, the XFEL and the accelerator elements of the FAIR and the RIB program

2) The Linear Collider World Wide Study Group for the Physics and Detector studies


The following scientists were invited by the convener of the meeting, Rohini Godbole (IISc): R.K. Bhandari (VECC), Sunanda Banerjee (TIFR), Atul Gurtu (TIFR), S.Kailas (BARC), R.G. Pillay (TIFR), D.D. Sarma (IISc/IACS), Amit Roy (IUAC), M.B. Kurup (TIFR), V.C. Sahni (RRCAT), S. Krishnagopal(RRCAT)

The Physics case for participation in these activities


The committee went over the executive summary of the Roadmap for High Energy and Nuclear Physics, which had been prepared after holding a joint DAE-DST meeting of the high energy and nuclear physicists and has been submitted to both the Secretary DAE and the Secretary DST. It was clear from the document that the High Energy Physics Community in India as well as the Accelerator Physicists are very keen on getting involved in the extremely challenging and the interesting project of the International Linear Collider. Particle physicists the world over have established the physics case for a TeV range, Linear, e+ e- collider as a machine that would be required complementary to the LHC; to study the properties of the Higgs boson with great precision which would help answer the basic questions of the fabric of space-time, and to offer possibilities of studying 'directly', the 'dark matter' which, as established by astrophysicists, makes up most of the mass of the Universe. The committee on Elementary Particle Physics in the 21st Century of the National Academy of Sciences, for example, has identified in its roadmap for the next 25 years, the International Linear Collider as the program to prepare for, in the coming decades. Same is true of Japan too. The need for global coordination for the International Linear Collider is also mentioned in the European Strategy for Particle Physics released last week by the CERN Council. The HEP community in India, both the theorists and experimentalists, who have been successfully involved in theoretical investigations of ‘Physics beyond the Standard Model’ and its experimental probes, at the LHC respectively, are also unanimous about the need of India's participation in the program if and when it should be realized. Further, the accelerator physics community in India is also excited about participating in such an exercise, particularly in view of its successful participation in the LHC machine programs. The accelerator physics and technology needed to build the ILC are going to be at the cutting edge. The participation in the design and construction of the machine will enable our accelerator community to take part in highly advanced technologies in the all important accelerator field. Interestingly, the program and the technologies involved are not of interest only to the high energy physicists and the builders of the high energy machines but also to the high power accelerator physicists. There are common technology elements to the ILC program, the XFEL program, the HIPA and the accelerator elements of the Facility for Antiproton and Ion Research (FAIR) and Radioactive Ion bean (RIB) programs which are of direct interest to the country.


The Superconducting Radio Frequency (SRF) cavity technology has been adopted as the technology for the International Linear Collider for accelerating electrons and positrons. In fact, all new accelerators for electrons, ion and protons, e.g., XFEL, High intensity proton drivers for spallation neutrons or neutrinos, incorporate SRF cavities. This technology is the key technology for proton drivers for the Accelerator Driven System program. Thus, participation in the cavity design and its fabrication is an area of prime importance for the accelerator development in the country. Another area is that of RF power generation and control electronics.


One more area where India can contribute meaningfully is in the design and fabrication of the cryogenics. In all of these technology areas, some expertise has been developed in the country and it would be possible to contribute meaningfully to the world-wide effort on ILC and at the same time train and enthuse young persons in these fields, for the important domestic programmes.


Material Scientists in the country are clearly interested in participating at the Physics studies at the XFEL like the one that is being planned at DESY (Germany), for which some funding has already been sanctioned by the German Government and the European Union. The source brightness available through an XFEL is better by many orders of magnitude than any other known source of X-rays in terms of peak brilliance, ultra-short pulse duration, and transverse coherence. Therefore, it is expected that the use of such a source will open up completely new science in diverse areas of physics and related subjects, such as atomic and molecular physics, nano-science, plasma physics, condensed-matter physics, materials science, chemical physics, and non-linear optics. In particular, its unique properties will allow us to probe time and space domains that are way beyond the present day limits, for example allowing us to probe sub-femto-second time-resolved processes. The extreme brilliance will allow us to probe non-linear phenomena that are altogether inaccessible today. This approach is believed to pave way for the determination of the crystal structure of even a single macro-molecule. There is also great need to work on new materials for such cutting-edge technologies, for example for accelerating cavities. This provides a great challenge as well as excitement to the material scientists. This is another area where the material scientists in India could effectively contribute to the global effort.

Indian expertise and relevance for the domestic programs
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In summary, the High Energy Physics community is interested in and in a position to participate in the physics studies at the ILC and the condensed matter community in studies at the XFEL. In addition participation in either the building and construction or R&D of these facilities will also feed back to the domestic programs. Areas of collaboration on the XFEL, which would benefit the domestic activity in this area and prepare the ground for a future XFEL in India, are: high-brightness electron sources; insertion devices; accelerator theory and design; study of nonlinear beam dynamics and beam halos and material science studies. Areas of collaboration on the ILC that would tie in with present and future accelerator activities in the country are: superconducting RF technology high-brightness electron sources; accelerator theory and design; damping ring: new material development suitable for RF cavities, etc. (See Figure above for details of ongoing collaboration); Fermilab has already proposed collaboration with IUAC on cavity development and RRCAT has a collaboration with CERN on LINAC and RF development. RRCAT has already been approached by DESY for participation in the XFEL program, by collaborating in the testing and commissioning of modulators and related systems and the manufacturing, commissioning etc. of RF-components, particularly as an ‘in kind’ contribution following the CERN-INDIA model used for the LHC. The high energy physicists have been part of the worldwide study of the physics potential of the Linear Colliders and an Indian Linear Collider Working Group had been functioning under a DST project for the past few years. The TIFR DHEP group has projected R&D activity related to the ILC detectors in their XI Plan projections.
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There are groups, for example at the Vishva-bharati University and Delhi University who would also be interested in participating in these activities. In short, a very strong case can be made for Indian participation in three projects which can be seen spanning the ILC and related studies:
1) R&D towards generic technologies related to the ILC and other high power accelerators: XFEL, High Intensity Proton Accelerator (HIPA) in addition to setting up infrastructure at IUAC. One would need an outlay of Rs. 35 crores over a period of five years towards this.

2) Participation in R&D towards detectors and experiments at the ILC would require Rs. 1.5 crores over the same period

3) Participation of Physicists in physics studies towards the ILC would require an outlay of Rs. 2 crores over the same period. 
ILC and Advanced Accelerator Technologies-India Forum:


In view of the technology commonality in all these programs and the same needs in terms of the links to the domestic programs as well as the aspect of development of human resources needed to participate in the programs along with the aspect of the International involvement, the committee felt that it would be desirable to form an ILC and Advanced Accelerator Technologies-India Forum which can facilitate effective participation of the community in these areas. Such a forum also seems to us a natural activity which would fall in the areas which could be considered under the DAE-DST MOU. The committee also discussed possible financial outlay of such a Forum and the modus operandi.

The required financial outlay per year will be

A) "Common Fund" expenditure related to the overall GDE (Global Design Effort) for the ILC, which is discussed and agreed upon by representatives of various "interested" Funding agencies, FALC (Funding Agencies for Large Collider). The Indian Funding Agencies (DAE and the DST) have been contacted for the Indian contribution towards the effort. Under FALC, there is a designated "Resource Group" (RG) which examines the funding requirements and reports to FALC. Currently the total common expenditure expected is around         US$ 400,000 per annum. This is to be shared equally between the three regions, America, Europe, and Asia. Within Asia the present proposal is that Japan should cover half the cost and three countries, China, India, and Korea, cover the remaining half. Thus the Indian contribution would come to around US$ 23,000 or around Rs 12 lakhs/year.

B) In the ILC context, the High Energy Physicists and Accelerator Physicists need to attend meetings which are held regularly the year around. Annually it is foreseen

1) Participation in FALC meetings twice a year of two representatives,

2) Three persons in GDE meetings again twice an year,

3) An Indian contingent of ten, in the yearly held International Linear Collider Workshop held by the WWS and GDE (which in 2006 was held in Bangalore India),

4) A group of 10 persons to participate in the meetings of the ACFA workshops on Linear Collider Physics and the GDE,

5) Eight to ten persons to participate in the various related conferences such as XFEL, SC cavity technology, High Intensity Proton Driver etc.


In all, it is foreseen the participation by about 120 people over a period of three years, in a phased manner with 30,40 and 50 in the first, second and the third years respectively.


In addition to this, participation in the international program of R&D would mean visits to the Accelerator laboratories such in the USA (like SLAC, Fermilab), KEK (Japan) and DESY (Europe) by about 12 persons, four persons per lab per year. We expect the local expenses for these visits to be covered by the local sources at the laboratory or by other means. Most importantly this means networking among the Indian community at the Indian end, holding domestic meetings and collaborative visits as well as the outreach.


The total estimated expense per year (on the average) for the point B above is

1) about 12 lakhs for visits,

2) 60 lakhs for attending the different meetings related to the activity, and

3) 20 lakhs for the domestic program.


When added to the 12 lakhs for the FALC (under A) we estimate about             1 Crore per year for the running of the ILC and Advanced Accelerator Technologies Forum.

Thus the overall outlay is Rs. 43.5 crores, which has been indicated in the      XI Plan proposals of TIFR, RRCAT and IUAC as already stated. In all these cases one hopes to be able to follow the CERN-INDIA LHC model

Modality of the forum's operation:


The forum is envisaged as a pan institute, pan DAE/DST entity. One suggestion would be to organise on the lines of the CERN-India program where there are bodies such as India-CMS, India-Alice etc. There can be a core group. Some of the suggested members of this core group are:

1) Director, TIFR or Nominee

2) Director, RRCAT or Nominee

3) Director IUAC or Nominee

4) Director VECC or Nominee

5) Rohini M. Godbole (Representative of Theoretical Particle Physics Community)

6) D.D. Sarma, (Representative of the community interested in Physics studies using the XFEL as well as studies of other material properties relevant for the Accelerator program.)


One DAE Institute such as TIFR and another non-DAE Institute like the IISc, may be the joint hub of the core group for purposes of funding. The committee would appreciate advice from the secretaries DAE/DST on the composition and size of this core group. The core group should of course co-opt more members as may be needed. This core group will work towards

1) Facilitation of the participation of the scientists and engineers in the activity

2) Human resource development in the areas of accelerator physics, engineering, high energy, nuclear and condensed matter physics.
3) Outreach to the scientific community which resides outside these specialized institutes and have not been traditionally been involved in these activities but possess the requisite expertise and research interest. Here we have in mind plans of reaching out to IISc, IIT, and Engineering Colleges.

Annex 3b 

India-Based Neutrino Observatory (INO)

Introduction


Very important developments have occurred recently in neutrino physics and neutrino astronomy. Data from several neutrino detectors around the world, in particular, that from the Super-Kamiokande (Super-K) and KamLAND detectors in Japan, and the Sudbury Neutrino Observatory (SNO) in Canada have shown that neutrinos have mass and ‘oscillate’.


The existence of non-zero neutrino masses has profound implications on fields as varied as nuclear physics, geophysics, astrophysics and cosmology apart from being of fundamental interest to particle physics. The discovery of neutrino mass and oscillation is but a first step and there are several questions to be resolved, which may require several experiments spanning many decades.


Indian scientists were pioneers in neutrino experiments. In fact neutrinos produced by cosmic ray interactions in the Earth's atmosphere were first detected in the deep mines of the Kolar Gold Fields (KGF) in India in 1965.


It is now planned to revive underground neutrino experiments in India. The possibility of a new neutrino observatory located in India was discussed in the meeting of the Neutrino physics and Cosmology working group during the Workshop on High Energy Physics Phenomenology (WHEPP-6) held at Chennai in January 2000. Further discussions took place in August 2000 during a meeting on Neutrino Physics at the Saha Institute of Nuclear Physics, Kolkatta. The Neutrino 2001 meeting was held in the Institute of Mathematical Sciences, Chennai during February 2001 with the explicit objective of bringing the country’s experimentalists and theorists in this field together. The INO collaboration was formed during this meeting. The first formal meeting of the collaboration was held in the Tata Institute of Fundamental Research, Mumbai, during September 6 and 7th, 2001 at which various subgroups were formed for studying the detector options and electronics, physics goals and simulations, and site survey. In 2002, a document was presented to the Department of Atomic Energy (DAE), Government of India, which laid out the goal of establishing an India-based Neutrino Observatory outlining the physics goals, possible choices for the detector and their physics reach. As a result of the support received from various research institutes, universities, the scientific community and the Department of Atomic Energy, a Neutrino Collaboration Group (NCG) was established to study the possibility of building an India-based Neutrino Observatory (INO). The group was assigned the task of doing the feasibility studies for which funds were made available by the DAE. A memorandum of understanding (MoU), was signed by the participating institutes on August 30th 2002 to enable a smooth functioning of the NCG during the feasibility period.

Major facilities to be created


The following major facilities need to be created for the INO project.

· Building an underground laboratory, and surface facilities, for doing front ranking experiments in the area of neutrino physics in India.

· Construction of a 50 kton magnetised iron calorimeter to detect atmospheric neutrinos which may be augmented to 100 ktons later.

· Creation of an INO Centre with all modern facilities like workshop, electronics lab, detector fabrication and testing bay, offices for scientific as well as administrative personnel, hostel, guest house and residential houses. Apart from the INO detector R& D and fabrication, this will act as a nucleus for detector development in India. Mysore may be a possible location for the INO Centre because of its proximity to the INO underground site.

· A detector development centre to be used for detector R & D and to transfer the technology to industry whenever possible.

INO Physics Goals


Considering various physics possibilities and keeping in mind the past experience at KGF, it was decided, after a prolonged discussion, to start with a modern magnetized Iron CALorimeter (ICAL) detector with Resistive Plate Chambers (RPCs) as the active detector elements.(See Fig 1 below) The detector will be housed in an underground laboratory at a suitable place. There is world-wide interest in this type of a detector and a quick implementation of such a project can achieve many physics goals such as:

· Unambiguous and more precise determination of oscillation parameters using atmospheric neutrinos.

· Study of matter effects, through electric charge identification, that may lead to the determination of the unknown sign of one of the mass differences which is of fundamental importance since it fixes the ordering of the neutrino mass levels.

· Study of charge-conjugation and parity (CP) violation, in the leptonic sector as well as possible charge-conjugation, parity, time-reversal (CPT) violation studies.

· Study of Kolar events, possible identification of very-high energy neutrinos and multi-muon events.


Although INO will start its activity with atmospheric neutrinos, it is envisaged that it will ultimately have other neutrino experiments as well under its umbrella. Several possibilities are open for future directions:

· High-precision determination of the oscillation parameters when ICAL is used in the future as a far-end detector for a long base-line neutrino oscillation experiment.

· Neutrino-less double beta decay, to determine whether neutrinos are Dirac or Majorana particles,

· Solar, supernova and geo-neutrino studies.
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Tomography of the Earth using natural and laboratory neutrino sources.

Other objectives of INO


One of the main aims of INO is to setup the underground laboratory and the ICAL detector in a time-bound manner. To achieve this, it is necessary to setup an INO Centre in a city close to the underground laboratory. It is hoped that the INO centre will eventually play the role of a national high energy physics centre in India, similar to the HEP Centre in China, KEK in Japan and CERN in Europe. Apart from being a premier experimental facility in the country, the laboratory will also become a nodal centre for initiating collaborations and educational outreach programmes with the leading HEP and nuclear physics laboratories in the world. An immediate impact of such a centre will be in the field of physics education, in particular, and science education in general. The contribution to the culture of doing experiments, small or big, will be enormous. The training and educational programmes directed at the students, technicians and educators will, in the long term, have a positive influence on the educational scene as it has, elsewhere in the world.


The particle detectors developed by high energy and nuclear physicists over the years have found wide application in areas such as medical imaging, materials science, industrial control and in geological survey. The primary motivation of the India-based Neutrino Observatory is to build and operate an underground laboratory and to set up experiments in the field of neutrino physics. Detector development is, however, expected to be a major part of the over-all activities of this centre. It can therefore play a major role in the development of detector technology and in the transfer of this technology to industry for its potential large scale utilization in other areas, especially in the area of medical imaging.

Location of INO Lab


Two possible locations for INO were initially identified; PUSHEP in Niligiris district, Tamil Nadu, and Rammam in Darjeeling district of West Bengal. After going through the merits and demerits of both sites, a site selection committee set up by the INO Collaboration has chosen the Pykara Ultimate Stage Hydro Electric Project (PUSHEP) in the Nilgiris District in Tamilnadu as the preferred site for INO.
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Cost of the project and yearly outlay during XI plan


The total cost of the project is expected to be Rs. 670.00 crores.  Of this,     Rs. 320 crores will be needed during the XIth plan period and the remaining 350 Crores during the first two years of the XIIth plan. Necessary allocations have been included in the XI Plan proposals of the DAE R&D Sector (Unit :SINP) Depending on the progress, the outlay may be modified to acquire iron required for the second/third module in the XI plan period itself to speed up things. 
Yearly outlay of the cost during XI plan

	Year
	Task
	Expenditure

(Rs. in crores)

	2007 - 2009
	Creation of the INO-centre / Surface facilities
	10.00

	
	complete site investigation / Designs
	10.00

	
	Detector R&D : Structure / Magnet / Electronics / RPC / Completed Designs
	20.00

	
	Tunnel and Cavern Excavation
	35.00

	2009 - 2012
	Surface Labs & Facilities / INO centre augmentation
	25.00

	
	Tendering and procuring Iron for Module-I 

(16 kton)
	100.00

	
	RPC / Electronics / DAQ manufacture
	55.00

	
	Laboratory Outfitting
	20.00

	2007 - 2012
	Project Staff
	15.00

	
	Contingencies including national and international travels etc.
	30.00

	
	Total
	320.00


Outlay of funds during first two years of XII Plan

	Year
	Task
	Expenditure

(Rs. in crores)

	2010 - 2013
	Tendering and procurement of Iron for Modules II & III (16 x 2 = 32 kton)
	200.00

	
	Construction of modules
	30.00

	
	Electronics / RPC / DAQ for modules II & III
	100.00

	
	Contingency including national and international travel etc.
	20.00

	
	Total
	350.00


Manpower requirements for INO


One of the major goals of the INO project, is to develop trained manpower for carrying out challenging experimental projects in the area of High Energy and Nuclear Physics. The major development work for INO project will take place at the INO Centre to be created. It is expected that over the next five years INO centre will need a total of fifty physicists, thirty five scientific and technical personnel and about fifteen administrative personnel located at the INO Centre. These people will be working full time on the INO project.


In addition, to involve various institutes and universities in the INO project, it will be necessary to have INO positions in the participating institutes and universities. These physicists should have joint appointments at the INO Centre and at one of the participating institutes with his/her duties at both places clearly spelt out. IUAC, Delhi has recently made similar joint appointment at several universities.

Work Methodologies


It will be a national project with participation by a large community of scientists from different institutes and universities. The project may be executed in three phases once the approval is given in principle:


Phase 1 of approximately 12-18 months duration: Site investigation to draw up detailed design reports for tunnel and cavern complex. This could be faster if all the permissions are easily available and work entrusted to reputed engineering groups. During this period, detailed design reports on the detector structure, RPCs, pick-up electrodes, front-end electronics, power supply systems will be ready.


Phase 2 will include tunnel and cavern excavation and related support measures. The estimated time for PUSHEP is 22 months. The basic design of RPC as already available will be frozen by this time. Tenders for the supply of iron, magnet coils, cables, etc., will be issued. The procedure for making detector elements, electronics, gas mixing units will be in place and the production process may begin.


Phase 3 of approximately 12-18 months duration: Laboratory outfitting, transport of detector components and material and assembly begins. The first module will be completed early and data taking will begin. By the end of XIth plan preparation will be made for additional modules.

Current status of INO


The INO group, which has members from sixteen institutions and universities, is now engaged in the following activities.

1. Detector R & D work: The glass RPC detector has been shown to operate with the desired efficiency and the required spatial and time resolution. However, the observed lifespan is smaller than expected and efforts are on to remedy this situation. Larger modules and the related data acquisition systems are being tested.  These will be needed for the prototype                      1 m3 calorimeter (12 layers of 1 m x 1 m plates). 

2. Site survey: Two sites have been identified as most suitable after detailed surveys. A site selection committee has gone through the available data on both these sites and recommended that the site situated in Niligiri mountains of South India near PUSHEP as the preferred site for locating INO. Further studies to assess stress conditions for the access tunnel, laboratory cavern design and construction will be initiated soon. (See figures below)

3. Numerical simulations: Simulations for both atmospheric neutrinos and long base line neutrinos are reasonably well understood and under control. The detector simulation, track recognition and event reconstruction programs are getting ready or at testing stage.

4. Documentation: This involves preparing reports on the status of INO. 

5. Collaboration Meetings: This includes organising and collaboration meetings of subgroups engaged in the activities listed above. The INO members also meet frequently at all possible venues of conferences in order to review the progress made by individuals and sub-groups. Several members of INO collaboration have already presented INO related work at both national and international meetings.

6. Human Resource Development: Lectures on neutrinos and INO have been given to students in Colleges and Universities to attract them to INO. The first INO training school for about 15 young members of INO was conducted in April-May 2005. The interim report of INO was submitted to DAE, DST and UGC, of the Government of India, at a meeting in Tata Institute of Fundamental Research, on May 1, 2005. A report on INO was presented at a meeting of the Scientific Advisory Committee to the Prime Minister on August 28, 2005 at Indore.

Annex 3c 

Advanced Radioactive Ion Beam Facility

Motivation 

Exciting opportunities for research in nuclear physics, nuclear astrophysics and for understanding of fundamental symmetries in nature will open up with Radioactive Ion Beams (RIB). Using RIB as a tool one can explore hitherto unreachable regions of the nuclear landscape via systematic experimental studies of Exotic Nuclei. This will be possible by exploiting the iso-spin degree of freedom of radioactive beams. We may also expect to discover new phenomena and to develop a better predictability in the theoretical description of the structure and interactions of nuclei. The fact that almost all major accelerator laboratories in the world are constructing RIB facilities points towards the strong scientific motivation in the research and applications with these beams. 


Study of explosive stellar events, nucleo-synthesis, structure of exotic nuclei, limits of particle stability, synthesis and study of Super Heavy Elements (SHE), material science with rare isotope beams are few of the research areas that will be investigated.

Guidelines

The configuration and scheme of the facility for producing Radioactive Ion Beams has been suggested based on the following considerations: It should: 

· Be a nation-wide collaborative venture

· Not be limited in scope but at the same time be realistic

· Be intellectually rewarding to attract good brains

· Preferably have some unique feature

· Contribute to technological advancement & human resource development
Scheme of the Advanced Radioactive Ion Beam Facility


We propose to produce both neutron-rich (using electron-LINAC) and proton-rich (using proton/alpha particle cyclotron) Radioactive Ion Beams (RIB). Radioactive atoms will be produced in thick target, ionized, mass-separated and then accelerated in linear accelerators up to the energy of about 6 MeV/u. Further acceleration to about 100 MeV/u (e.g. 40Ca ~100 MeV/u*; 86Kr ~70 MeV/u*; 150Nd ~35 MeV/u*), will be done in a separated sector ring cyclotron of K~600, (*approximate values; exact energy would depend on the design details) 

Unique features of the Advanced RIB Facility scheme 
· Two primary accelerators ( low cost option for producing both neutron-rich and proton-rich RIB

· Storage ring for study of charge distribution of n-rich nuclei. 

· Acceleration of both stable and radioactive ions to about 100 MeV/u: very short-lived exotic nuclei can be produced using Projectile Fragmentation (PF) reaction and studied after separation in a PF separator 

· A combined ISOL & PFS type RIB facility 

· Facility gives unique opportunity to produce drip-line nuclei through fragmentation of pure secondary RI Beams of intensity ~ 108 particles per second 
XI plan activity at VECC for Advanced Radioactive Ion Beam Facility 

· In phase-1 of the advanced RIB facility project (during 2007 – 2012) it is proposed to produce neutron-rich RIB using electron-LINAC at VECC.

· In the existing facility developed in X Plan, we are already accelerating stable beams to 30 keV/u at the end of RFQ. We will reach 2 MeV/u in the XI Plan period. Acceleration of stable as well as both neutron & proton-rich RIB to energy of 2 MeV/u in this facility will enable a wide range of experiments in Nuclear Astrophysics, Material science and Atomic Physics. 

· This, combined with option of acceleration of RIB in the upcoming Super Conducting Cyclotron (SCC) will allow, in about 3 years time, coulomb barrier physics with n-rich RIB.

· The RIB facility up to 2 MeV/u & the electron-LINAC may be shifted to the New Campus at an appropriate time after the building & infrastructure are ready at the new site. 

Scientific Opportunities 

· Physics can be done at each stage of development in particular, at VEC Salt Lake campus, the XI plan activities include

· Spectroscopy of r-process nuclei & mass measurements in Ion-trap 
· Nucleo-synthesis & Nuclear Structure studies with RIB accelerated in Super Conducting Cyclotron (SCC) 

· Material Science, Atomic Physics 

· Synthesis & study of Super Heavy Element (SHE)

· Nuclear charge distribution of neutron-rich nuclei 

· Precision mass measurements in Storage Rings

· Reaching Drip-lines, study of Halo nuclei, spectroscopy of very short-lived nuclei using projectile fragmentation of stable & radioactive ion beams 

Benefits to society 

· The country will acquire the capability to design & build a wide variety of state of the art accelerators 

· RIB has numerous applications in medicine & biology and will be a major tool for research in these fields 
· RIB will open up enormous opportunity for 
· frontline material science & nano-science research
· Many technological spin-offs in terms of RF & microwave technology, indigenous construction of high vacuum systems, advanced mechanical engineering system development through virtual reality, etc – just to mention a few, are envisaged
Inter-agency collaboration for project implementation 

· Both for construction & utilization of the facility collaboration with International & National Institutes, Universities, IITs etc. is a must 
· The design of accelerators for this facility would need knowledge and expertise that is not totally available in the country. So, international collaboration will be necessary. In this context it may be mentioned that VECC has already active collaborations with RIKEN (Japan), GSI (Germany) & TRIUMF (Canada), where very involved RIB facilities are under construction. For experimental facilities the existing collaboration with GANIL (France) needs to be strengthened

· Collaboration with BARC, TIFR, RRCAT, IUAC & SINP, (where high-level of expertise exists for accelerator development, nuclear physics and material science research) should be pursued preferably on a “sharing of responsibility” basis. The community in India should work together to make this facility a truly international one where scientists from different corners of the country & different parts of the world would converge to do experiments
Infrastructure Requirement 

· Land : minimum 12 Acres are required to house the facility 
· Electrical power : About 8 MW 

· Low Conductivity Water: About 10 thousand lit. per. min. 

· Building: Detailed plan of the building needs to be made. For the primary accelerators & the ring cyclotron adequate shielding is necessary. In our cost projection we have tentatively kept an amount of Rs. 110 Crore for building & infrastructure. This can at best be considered as a very rough estimate. 

Project Implementation Strategy 
· Outsourcing will be an important component of the project implementation and daily operation and maintenance of the facility

· Design of advanced systems will be developed by engaging experts (both national and international) as consultants 

· Accelerator construction and engineering services development will be done via participation of industries, both public and private sector. VECC has already engaged SAMEER, Mumbai & CMERI, Durgapur for development of RF systems & fabrication of mechanical engineering components respectively for the ongoing RIB project. Both the collaborations have been extremely successful. More such collaborations need to be worked out

· Project design and implementation should be reviewed periodically by an International Committee of Experts
Cost projection for the Advanced RIB Facility

	Major activity
	Expenditure (Crore)

	Acceleration of neutron-rich RIB (e– Linac) and proton-rich RIB (VEC Cyclotron) at VEC Salt Lake campus
	140.00

	Shifting of facility to new campus & Acceleration of RIP from     2 to 6 MeV/u
	60.00

	Microtron & Electron Storage Ring (ESR) & Rare Isotope Storage Ring (RIR)
	60.00

	100 (A, 30/60 MeV p/( Cyclotron
	45.00

	Experimental facilities for nuclear & astrophysics, mat. science
	75.00

	Building, infrastructure, electrical power
	110.00

	Ring Cyclotron & PF Separator
	80.00

	Total (Rs. Crore)
	570.00



Of the total project, only the initial part of generating a neutron rich RIB using the electron LINAC at VECC will be taken up in the XI Plan at a cost of Rs.75 Crores. Necessary allocations have been included in the XI Plan proposals of the DAE R&D Sector (Unit :VECC)


The existing capability in the country & scope for collaborative development of the facility is listed below: 

Annex 3d 

International Collaboration on FAIR at GSI, Germany


A large high energy accelerator facility is being built at GSI, Darmstadt, Germany. This will be built in a phased manner and will be completed around 2015. Low energy experiments will start around 2011. FAIR is an international accelerator facility of the next generation. This is a unique facility where researches will be performed in several major areas e.g. nuclear physics, high energy physics, plasma physics, atomic physics simultaneously. This facility will be in the centre stage globally for future researches on nuclear, high energy heavy ion and other areas in next decades. 

At its heart is a double ring facility with a circumference of 1200 metres. A system of cooler-storage rings for effective beam cooling at high energies and various experimental halls will be connected to the facility. The existing GSI accelerators serve as the injector for the new facility. The double-ring synchrotron will provide ion beams of unprecedented intensities as well as of considerably increased energy. Thereby intense beams of secondary beams - unstable nuclei or antiprotons - can be produced. The system of storage-cooler rings allows the quality of these secondary beams - their energy spread and emittance - to be drastically improved. Moreover, in connection with the double ring synchrotron, an efficient parallel operation of up to four scientific experiments can be realized at a time. The project is based on many technological innovations, the most important ones include:

Highest Beam Intensities, Brilliant Beam Quality, High Beam Energies, Highest Beam Power and Parallel Operation

· FAIR will have very high intensity beams with the following specifications.

Primary beams:



Secondary beams:
1012/s 238U 28+ 1-2 AGeV

rare isotopes 1-2 AGeV

4·1013/s Protons 90 GeV

antiprotons up to 30 GeV

1010/s U 35 AGeV (Ni 45 AgeV)





storage and cooler rings: 




beams of rare isotopes, 




e– A Collider, 




1011 stored and cooled antiprotons 




(0.8 - 14.5 GeV)


The accelerator facility will be built, based on the latest technology on high intensive heavy ion beams, dynamical vacuum rapidly cycling superconducting magnets and high energy electron cooling

Possible experimental areas:


High-energy nucleus-nucleus collisions: compressed baryonic matter baryonic matter at highest densities (neutron stars), phase transitions and critical endpoint in-medium properties of hadrons 


Rare isotope beams; nuclear structure and nuclear astrophysics nuclear structure far off stability and nucleo-synthesis in stars and supernovae 

Short-pulse heavy ion beams: plasma physics matter at high pressure, densities, and temperature and fundamentals of nuclear fusion


Atomic physics and applied research on highly charged atoms, low energy antiprotons and radiobiology


Beams of antiprotons: hadron physics, quark-confinement potential, search for gluonic matter and hybrids and hypernuclei

Expected financial involvement in total project and our partcipation:


Cost of building the facility is about 1 Billion Euro with 25% contribution from International sources. We shall participate in building accelerator and detector components and will take part in experiments in areas of interests.

Previous discussion within Indian research community:


Several meetings have taken place between FAIR members from GSI and Indian nuclear, accelerator and High Energy Physics communities. Several areas have been identified where Indians have expertise and can make good contributions. Another large meeting organized by the DST took place at Mumbai on 7-8th April to discuss future of nuclear physics in India. Participation at FAIR was discussed in detail and was considered to be one of the important avenues for Indian nuclear and high energy physicists. A committee has been setup which is currently working on preparing Conceptual Design Reports (CDR) for different interest areas.


An MoU has been signed between VECC-SINP and FAIR-GSI for participation in building accelerator and detector components and participation in experiments. The details of the projects with Indian Involvement are:

· Development of gas detector for Compressed Baryonic Matter (CBM) 

Simulation, design and fabrication of muon detection system at Compressed Baryonic Matter (CBM) experiment at FAIR. This experiment will investigate the formation of high density nuclear matter likely to be produced at FAIR energy using heavy ion collisions. Studying the matter at high baryon density is important to understand phase-transition from hadronic to QGP phase, location of tri-critical point, understand the environment similar to the core of neutron star. The detector system will consist of up to 16 (sixteen) muon tracking stations placed inside several layers of absorber. The muon stations need to be fast and with high position resolution. A detailed R&D is needed to achieve the design goal. Possible options are GEM and MICROMEGAS based gaseous detector system with high granularity. Advanced electronics (ASIC) systems are to be developed for the data collection from this detector system.

· Development of Energy Buncher for FAIR

The objective is to build the end part – the Energy Buncher, of the low energy branch of the FAIR project, which will be dedicated to precision experiments with energy-bunched beams stopped in a gas cell. This branch will be complementary to the ISOL facilities since all elements and short-lived isotopes can be studied The Energy Buncher, including a high-resolution dispersive magnetic separator stage along with a mono-energetic degrader, comes behind the achromatic pre and main separator of the low-energy branch. The setup will be used to drastically reduce the energy spread and range straggling of the secondary hot fragments separated in the pre and main separator stage. The setup includes a number of superconducting iron dominated (super-ferric) magnets of different types (4 dipoles, 5 quadrupoles and 2 sextupoles), mono-energetic degrader, beam diagnostics, detectors (experimental setup) and the accessories (vacuum system, control system, power supplies etc.).

· Design and fabrication of primary beam absorber for exotic nuclei separation:


In a low energy beam line at FAIR, primary beam particles and unwanted secondaries are to be stopped after the production target. The primary beam is high intensity U(238) and stopping of a high intensity beam needs very special design. Preliminary design suggests the use of graded graphite where design criteria are very stringent to avoid possible effects of any transient energy dump. The objective is to design and build this device named as primary beam absorber for exotic nuclei separation.

Participation in nuclear and hadron physics experiments:


It will be an opportunity for Indian nuclear physicists to study in detail nuclear structure and nuclear reaction physics using radioactive heavy ion beam. Suitable experiment(s) where major contributions will be made in terms of detector development and if necessary beam-line development in addition to contribution in data taking and physics studies are being explored. Preliminary discussions have been made with NUSTAR collaboration, (specific experimental groups: R3B, AGATA, RISING, CHARMS, DSPEC) which is a large collaboration of nuclear physicists from all over the world and also in PANDA experimental collaboration for hadron physics studies.

Outcome / Deliverables:
Development of gas detector for CBM:
(a) Detailed simulated design which will give best Signal/Background ratio. This needs development of tracking and event reconstruction software using detector simulation package.

(b) Prototype detector modules with two detector technologies (GEM and MICROMEGAS). Initially modules with 30cm x 30cm will be built and then actual size prototype will be developed.

(c) Front End Electronics (FEE) for prototype system. New R&D needs to be performed to handle high rate.

(d) Development of radiation-resistant ASIC for handling large data rate and fast data processing.

(e) 16 muon stations with best available technology, it could be mixture of different technologies. This includes chambers, High Voltage system, Low Voltage systems.

(f) Gas handling system as this will deal with a large system of gas detectors using different types of gases.

(g) Front End Electronics: Developed ASIC will be integrated for all muon systems.

(h) Data Acquisition system: This will be developed along with whole CBM experiment. This involves hardware component for handling trigger and other control signals and corresponding processor software.

(i) Slow Control system: Development and deployment of controlling HV, LV, Gas parameters, temperature etc via slow control mode. Hardware components involve processors and individual control component. Software involves development of supervisory system, finite state machines.

(j) Online and Analysis software: This has to be developed using Object Oriented Programming for online monitoring and analysis. Analysis involves track fitting and event reconstruction.

Development of Energy Buncher for FAIR:

The unique characteristic of the setup is its very large acceptance to handle the secondary beam with very large energy spread. Therefore all the superconducting magnets have unusually large aperture and very high field quality. For example dipoles have horizontal and vertical useful aperture of ±300 mm and ±100 mm respectively with a field quality of value ±3.0x10-4. The similar figures for quadrupole are ±300mm, ±200mm and ±8.0x10-4. This technology of such a large acceptance beam transport system will certainly be of immense use in the ADSS project where space charge effect of intense beam will require large acceptance magnets. In all future accelerator facilities the superconducting (sc) beam transport elements will replace the normal conducting one to minimize the power consumption. It is worth to mention here that VECC has already the credit of developing the largest SC accelerator magnet in the country. Another important technological challenge in this project is to develop non-interceptive special type of beam diagnostic system for hot fragments, which is also very relevant to intense proton beam in ADSS project.


Institutions in several countries of USA, Europe and Asia are part of the collaboration for this project. Some of these are: the universities of Heidelberg, Frankfurt, Kaiserslautern, .Mannheim, Marburg in Germany apart from GSI. The universities of Krakow, Warsaw and Katowice in Poland and the Technical University of Prague. In the Czech republic etc. Apart from these, this project will need the collaboaration of several Indian institutes as well. These includes the variuos DAE instititutes like VEC, SINP, IOP, BARC, IUAC, TIFR and various universities and IITs of the country. 


Total outlay needed as discussed in DST brainstorming meeting is around 300 crore over two plan periods (XIth and XIIth). An initial allocation of Rs 45 crores has been made. Necessary allocations have been included in the XI Plan proposals of the DAE R&D Sector (Unit :VECC- XI Plan Rs. 35 Cr. + XII Plan Rs.10Cr)
Magnet Assembly Supplied by RRCAT to the LHC
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Panoramic view of the mountain peak of PUSHEP. The laboratory cavern will be located directly under this peak.





An artist's illustration of the Laboratory Cavern Complex
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