Chapter - 2
SUMMARIES OF THE PROJECTS DISCUSSED
1.  High Energy and Nuclear Physics

(a) International Linear Collider  and related programs

Particle physicists the world over have established the physics case for a TeV, Linear electron-positron collider as a machine that would be complementary to the Large Hadron Collider (LHC), and which offers the possibilities of studying directly the 'dark matter' which makes up most of the mass of the universe, as well as answer fundamental questions about the fabric of space-time. 


The Indian High Energy Physics Community is interested in the physics studies at this International Linear Collider, (the ILC) which, as said above, is the next frontier of research in the subject. Indeed, 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). (See Annex 3a) 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.


While participating in the ILC, the Advanced Accelerator Projects such as XFEL, HIPA and the accelerator aspects of other programs such as the FAIR, one would like to emulate the highly successful model, of the participation by Indian Scientists in the LHC project which is soon to be commissioned at the European Organization for Nuclear Research (CERN). India's participation in and the 'in kind' contribution to the LHC-machine, generated some funds towards India's further participation in the R&D for the detectors, as well as building them. Our participation in all these has showcased the ability of Indian scientists and the Indian Industry to undertake challenging tasks and deliver on the tight international schedule. It has brought recognition to the country such as the 'Observer status' in the CERN Council. This can only increase, with India's continued contribution in the Physics analysis and studies at the LHC. This has also given Indian Industry the opportunity to meet globally competitive technological demands.  Hence it is essential to continue India's participation in these International projects.


An ILC and Advanced Accelerator Technologies Forum, has been initiated to discuss  various aspects of participation in the above activities by the Indian scientists, maintaining a synergy with existing and planned programs in related areas in the country. The various activities towards R&D in generic technologies related to the ILC and other high power accelerators: XFEL, High Intensity Proton Accelerator (HIPA) as well as the accelerator component of FAIR are to be taken up in different institutions, (See Annex 3a for details.)


The total budget requirements of the above amounts to Rs. 43.5 Crores which have been indicated in the XI Plan proposals of various units as follows:

DAE  R&D Sector
: 
1. RRCAT: Participation in XFEL and ILC Programmes 

(XI Plan 30Cr + XII Plan 10Cr) 

2. TIFR: Participation in ILC and Advanced Accelerator R&D (XI Plan 8.5Cr)

DST 
:

1. Development of infrastructure for ILC Programme (XI Plan 5Cr) 

To be provided by DST through IUAC.

(b) India-based Neutrino Observatory (INO)


An India-based Neutrino Observatory (INO) has been proposed by a large community of scientists from various institutes and universities in India for doing front ranking experiments in the field of neutrino physics. With this objective, a neutrino collaboration group was established in 2002. This collaboration was assigned the task of carrying out the feasibility studies for setting up such a facility for which funds were made available by DAE during the X plan. The INO collaboration has already completed the feasibility study and submitted a detailed report to DAE and other funding agencies. The Collaboration has also identified the Pykara Ultimate Stage Hydro Electric Project (PUSHEP) at Masinagudi in Tamil Nadu state as the preferred site for locating the underground laboratory. 

The proposed goal of this project is to:

· Build an underground laboratory and surface lab for doing front ranking   experiments in the area of neutrino physics in India.

· Construction of a 50 kton magnetised iron calorimeter to study 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, hostel and guest house.


Apart from being a premier experimental facility in the country, the INO centre is expected to become a nodal centre for initiating collaborations and educational outreach programs with leading HEP and nuclear physics laboratories in the world. An immediate impact of this centre will be in the field of training experimental physicists. In particular the contribution to the culture of doing experiments, small or big, will be enormous. The particle detectors developed by the high energy and nuclear physicists over the years have found wide application in areas such as medical imaging, material science, industrial control and in geological survey. Detector development for such purposes is also expected to be a major part of the over-all activities of this centre. It is therefore going to play a major role in the development of detector technology and in the transfer of this technology to industry for its potential large scale utilisation. 


The total cost of the project spread over two Plan periods is Rs. 670 Crores. Of this, Rs. 320 Crores will be needed during the XI plan period and the remaining Rs. 350 Crores during the first two years of the XII plan. Necessary allocations have been included in the XI Plan proposals of the DAE R&D Sector (Unit :SINP). The detailed breakup of cost is given in Annex 3b.


In addition, a project of this magnitude will need sufficient trained manpower to construct and run the laboratory and the experiments and to participate in the development of detectors. It will be necessary to create positions for fifty physicists, thirty five scientific/technical personal and fifteen administrative positions located at the INO Centre. These people will be working full time on the INO project. Further, 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

(c) National Radioactive Ion Beam Facility 

The nuclear physics community in the country in various universities and research organizations is engaged in carrying out front-line research and has been making internationally reputed contributions.  During the deliberations at the recent DAE-DST vision meetings, all the leading nuclear physicists have very strongly and collectively recommended setting up of a world class, National Radioactive Ion Beam (RIB) facility, in the country, for contemporary and front-line nuclear physics experiments.  The research areas include the study of explosive stellar events, nucleo-synthesis, structure of exotic nuclei, limits of particle stability, synthesis of super-heavy nuclei etc.  Highly advanced materials science experiments will also be carried out with such a facility.  A low energy, highly sophisticated RIB facility is under development at VECC, Kolkatta.  Several complex technologies relevant to a front-line RIB facility have been developed.  It is now proposed to initiate the development and construction of a large and high energy RIB facility in the country, as mentioned above, which will compare with the best in the world in the field of nuclear physics research. The accelerator facility and related experimental facilities will be set up with the participation of several research organizations and universities of the country.  International participation in this endeavour is also expected. In fact, VECC has already been collaborating very actively with two leading international laboratories, namely RIKEN at Japan and TRIUMF at Canada, both for accelerator design and development and for the nuclear physics experiments in the field of RIB.
The total budget for the project amounts to Rs. 570 Crores                         (See Annex 3c). For Phase 1 of this project, production of neutron rich RIB using the electron-LINAC, an amount of Rs. 75 Crores has been included in the XI Plan proposals of the DAE R&D Sector (Unit :VECC).

(d)  Facility for Antiproton and Ion Research (FAIR) 

This facility will be built around 2011 at GSI, Germany. With this facility, research can be performed in a broad range of areas, namely (a) high-energy nucleus-nucleus collisions to study compressed baryonic matter, (b) nuclear structure and nuclear astrophysics studies utilizing rare isotope beams, (c) plasma physics utilizing short pulse heavy ion beams, (d) studies in atomic physics and applied research including radiobiology using antiprotons and highly charged heavy ion beams and (e) researches in hadron physics including hypernuclei with antiproton beams. There is enormous interest among Indian researchers to perform experiments at this facility. The areas include nuclear structure physics, high energy heavy Ion collisions, plasma physics, radiobiology, medical research etc.


FAIR will have innovations in the field of accelerator science and technology as well. Some of the highlights in the field of accelerator are, (a) fast cycling superconducting magnets, (b) large aperture super-ferric magnets (c) fast stochastic cooling for radioactive ions and antiprotons (d) generation of short (~50ns) and intense (1012) ion pulses with terawatt beam power and (e), operation at very high intensity RIBs.  

Some scientific and technological advantages out of participation in FAIR are:

(i) Opportunity to take part in and contribute to the large variety of highly advanced experimental facilities for nuclear physics and other areas.

(ii) Working for the development of fast and radiation-hard detectors and electronics which is a unique activity.

(iii) Experience in parallel beam operation of a large accelerator complex 

(iv) To learn about high intensity target preparation - useful for our ADSS and RIB programs.

(v) Working in the areas of plasma science and technology complements magnetically confined plasmas and our participation in ITER.

(vi) FAIR will deal with highly intense beams. Building of any device in this high current environment needs innovative technology. Two areas where we will have direct access and will be useful in our own programs like the ADSS are:

· Building complex superconducting dipole, quadruple and sextuple magnets from design to installation.

· Building components for high current proton-LINAC at FAIR.


While the full project details are still being discussed among the various organizations and institutes, VECC has proposed to take up the Development of the High resolution and Superconducting magnet based detectors in the      XI Plan proposals of the DAE R&D Sector (Unit :VECC, XI Plan: 35Cr + XII Plan 10Cr). 

2.   Astronomy based Research 

The country at present has several major new telescopes: Currently, the GMRT (Giant Metre-wave Radio Telescope, operated by NCRA-TIFR) represents a major international, competitive, facility for radio astronomy at metre wavelengths, functioning for the last five years. At optical and infrared wavelengths, a very promising beginning has been made by the Indian Institute of Astrophysics (IIA) with its recently commissioned 2m telescope at Hanle in the Himalayas, one of the highest sites worldwide for optical and ground based infrared astronomy. The IUCAA telescope is poised to create and serve a strong university community in astronomy. The ASTROSAT X-ray observatory due for launch in 2008 will give a major boost to X-ray astronomy and related areas in the country. With this background, the astronomy community in the country is considering several new initiatives where the planning and build up will be in the XI Plan and the actual execution is likely towards the end of the XII Plan. These are:

a) 
The Square Kilometre Array - an international radio observatory, costing about USD 1 billion, due for construction 2012-2020, NCRA-TIFR is already formally involved in the international discussions and planning.

b) A 10-m class optical/near-IR telescope in the Himalayas, under serious discussion by IIA, ARIES, IUCAA, TIFR.

c) 
New satellites for space astronomy, particularly X-ray and far -infrared work. ISRO is the nodal agency with significant TIFR and RRI involvement.


Further details are given in Annex-4. It is therefore decided that this activity needs to be supported. While the initial small funding can be met from the existing Plan of TIFR, major funding can be made available in subsequent Plan periods. Some general observations are:

i)  There is a need for a broad roadmap and consensus in the astronomy community which is best achieved by working papers from individual groups followed by an intensive representative workshop of stakeholders in the various projects

ii) 
One strong common thread is user community development, particularly in the universities - clearly IUCAA has a key role here.

iii) 
All these areas require very significant technology development. This should utilize the existing agencies as well as engineering institutions plus industry, as appropriate. A consortium approach would give the needed co ordination combined with flexibility. 

3.  National Hetero-structure Facility


During the last two decades, nitride semiconductors have emerged as strong candidates for high frequency as well as light emission applications. Indeed it is possible to replace household lighting systems with these light emitting diodes (LED) to conserve the power and achieve long life usage. Further, dilute nitrides have emerged from conventional III-V semiconductors such as GaAs or InP by the insertion of nitrogen into the group V sub-lattice, which has profound influence on the electronic properties of these materials and allows a widely extended band structure engineering. This is expected to lead to novel devices, e.g. for optical data transmission, solar cells, biophotonics or gas sensing, some of which are already making their way into the market.


In view of the importance of this area, a proposal to set up a National facility to carry out research in the area of semiconductor heterostructures and related devices and materials was received. The Centre for Semiconductor Heterostructure Research (CSHR) is intended to provide facilities initially for carrying out advanced research which are important for the national energy and security needs. 

The above proposal was briefly discussed and it was felt that the project is important. The details of the project were received late (See Annex 5), and detailed discussions could not take place. However, DST has informed that the proposal has been discussed in the DST’s Programme Advisory Committee on Condensed Matter Physics and Materials Science. It was further discussed in the Science and Engineering Research Council and also by an Expert Committee constituted by the DST to discuss its XI Plan proposals. Accordingly, DST has ‘flagged’ this facility in their documents containing the XI Plan Proposals
.






�Confirmed by Member. Secy. XI Plan DAE (R&D) Working. Group.


� Dicussed with Director IUAC and also with Dr. Praveer Asthana, DST.


� Personal Communication from Dr. Praveer Asthana, DST
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