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I. Short description of the project
The project “Accelerator complex with colliding electron-positron beams” is aimed at the construction of the unique facility to solve a number of problems in the fundamental physics: search for CP-violating effects in decays of charmed particles, search for “new physics” in rare or forbidden by the Standard Model decays of charmed particles, tests of the Standard Model in the decays of τ-leptons, search and study of the totally new forms of matter – glueballs and hybrids, etc. These problems cannot be solved at any other facility. By its efficiency (luminosity) the Accelerator Complex will exceed the existing facilities by 2-3 orders of magnitude and will provide a qualitatively new level of the experiments (availability of longitudinal polarization).
The electron-positron collider complex comprises:

· Developed two-ring collider – Super-с-τ-factory
· Linear accelerator for the full energy
· Positron injector
· Polarized electron injector
Application of the recently proposed method of colliding beams at large angles (Crab Waist method) allows obtaining at the energy of 5 GeV in the center-of-mass frame a peak luminosity of 1035 cm-2s-1 that exceeds by two orders of magnitude the maximum obtained one in this energy range. 
The scheme of the Super-с-τ-factory and the injection system is shown in Figure 1.
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Figure 1: Scheme of the Super-с-τ-factory
The main parameters of the Super-с-τ-factory are presented in Table 1.
Table 1: Super-с-τ-factory parameters

	Beam energy, Е
	GeV
	1.0(2,5

	Perimeter, P
	m
	813

	Beam current, I
	A
	1.7

	Number of particles in a beam, N
	
	2.7×1013

	Emittance, εx/εy
	nm·rad
	8 / 0.04 

	Space charge parameter, ξx/ξy
	
	0.0044 / 0.13 

	Luminosity, L 
	cm−2s−1
	1.0×1035


Besides, the complex will include the following, already existing facilities:
· New collider VEPP-2000 (was commissioned in 2009)

· Collider VEPP-4M (has been working since 2000 and is used at SR source)

· VEPP-3 booster (is used as SR source and for nuclear physics experiments)

Finishing the construction of the injection complex will radically improve the efficiency of these existing facilities.
The experimental part the complex includes:

· Developed universal detector for experiments at the Super-с-τ-factory
· Universal detector CMD-3 for experiments at VEPP-2000

· Detector SND for experiments at VEPP-2000

· Universal detector KEDR for experiments at VEPP-4M

· Deuteron facility for nuclear physics experiments at VEPP-3

The design of the detector for the Super-с-τ-factory is based on the most novel methods of particle detection as well as solutions that are proven by BINP and experience of international collaborations BaBar, Belle, ATLAS, etc.
II. Project feasibility study

1. Scientific significance of the project

1.1. Priority of the research areas studies within which will be provided by the planned facility

Colliding-beam method is a fundamental tool in high energy physics, and it is the experiments with colliding beams that to a large extent helped to create the modern theory of the microworld – the Standard Model. BINP SB RAS has been a pioneer in the development of the colliding-beam method and is now one of the recognized world leaders in this field.

Despite the triumph of the Standard Model, fundamental physics has a number of unresolved issues, most of which will be solved on the facilities with colliding electron-positron beams at relatively low energies (2Е = 0.3 – 10 GeV), but with a very high luminosity.

Creating a Super-с-τ-factory with the energy 2Е = 2–5 GeV, with the luminosity of 1035cm−2s−1 and the longitudinal beam polarization will allow receiving the information of an unprecedented quality and statistics,  will provide a Russian priority in the following areas of the elementary particle physics: physics and technology of the high luminosity electron-positron colliders, physics and technology of the newest methods of particle detection, charmonium physics, spectroscopy of light quark states, D-meson physics, physics of charmed baryons, tau-lepton physics, precision measurement of the e+e−→hadrons cross section, study of the interaction of polarized antineutrons with matter, two-photon physics, physics of glueballs and hybrid particles, etc.

At the same time, deployment of works on the fundamental researches listed above provides a significant advance of the innovative development of the country within the priority areas of science, technology and engineering of the Russian Federation:
a) Development of methods of radiation detection allows creating ever more sophisticated medical and security systems – a search for explosives, weapons and dangerous items at airports, in places with large streams of people, at customs examination, etc.

b) Facilities for the cancer treatment are being developed and created on the basis of the development of the accelerator technology. 

c) The use of accelerator developments and modern generators of synchrotron radiation allows high-efficiency production and studies of nanopowders and new materials based on them.

d) Huge information streams in modern and, especially, proposed experiments in elementary particle physics force to develop fundamentally new registration and information-telecommunication systems, which find an application in other areas (national economy, defense industry).

e) Application of developed and created powerful and effective electron accelerators allows solving country’s defense issues and many problems in medicine, ecology, disinfection and sterilization.

1.2. Multifunctional and interdisciplinary performance of the planned facility

Creation of a modern experimental complex on the basis of the electron-positron collider requires the development of new technical and technological capabilities in a variety of scientific areas and disciplines, such as vacuum technology, superconductor technology, detection technique, etc. The electron-positron colliders are used as sources of the synchrotron radiation for research in materials science, biotechnology, nanotechnology, etc.
1.3. Importance of the expected major scientific results that can be obtained using the planned facility

The main purpose of the experiments with the Super-с-τ-factory is to study the processes with c-quarks and tau-leptons in the final state, with statistics 4 orders of magnitude larger than that currently accumulated in the experiments CLEOc (USA) and BES II (China), and 2 orders of magnitude larger than that to be gained in the experiment BES III (China) at the collider BEPC II. Such statistics would allow a systematic study of practically all states, which have quarks of the first two generations (u, d, s, and c) in their composition, including the search for “exotic” states, a direct approach to the study of fundamentally new phenomena, such as CP violation in the system of charmed hadrons and tau-lepton decay, lepton number violation. Quantum chromodynamics allows the existence of exotic states in nature, such as four-quark (or molecular), hybrid quark-gluon states and states consisting only of gluons – glueballs. Hybrids and glueballs represent a totally new form of matter that can be formed only in strong interactions. One of the main objectives of the Super-с-τ-factory is a discovery of such exotic states and analysis of their properties.

Using the statistics 3-4 orders of magnitude higher than that presently accumulated in the world, it is very likely to discover phenomena that cannot be foreseen, and their significance for the development of the fundamental physics is difficult to overestimate.

1.4. Interest of other countries in this project (the availability of supporting documents: agreements, memoranda, etc.)

· Project of the Super-с-τ-factory was approved by the European Committee for Future Accelerators considering the new facility as a significant contribution to the development of particle physics.

· At present, the memoranda of intent on joint creation of the Super-с-τ-factory are signed with the laboratories KEK (Japan), LNF/INFN (Italy), John Adams Institute (England) and JINR (Dubna, Russia). It is expected that in the near future this megaproject will be joined by Kurchatov Institute, SLAC (USA), CERN, other Russian and foreign centers.

· Intention to participate in the experimental program of the Super-с-τ-factory was expressed by 11 Russian organizations (BINP SB RAS, JINR, PNPI, IHEP, ITEP, INR, IM SB RAS, BIC SB RAS, NSU, NSTU, TPU), as well as 9 foreign institutes (DESY, INFN Frascati, University of Roma, and others), which have a substantial experience in the development of equipment and carrying out research in particle physics.

· Project of the Super-с-τ-factory is included (number one among the physical projects) in the concept of the development of the Siberian Branch of Russian Academy of Sciences till the year 2025.

1.5. Significance of the expected major scientific results for the scientific and technical development

To study the fundamental properties of matter and obtain new world-class results, complicated physical complexes are needed, for which the most advanced and promising solutions need to be created, developed, and used in the field of beam technologies, particle detectors, data processing, etc. This leads to the results with the highest innovative potential, which can be successfully applied in industry, medicine, agriculture and other fields. 

Project of the Super-с-τ-factory with high luminosity has a high innovative potential in the field of the development of electron beams, compact linear accelerators, high-vacuum technologies, superconducting magnets, detectors based on heavy crystal scintillators, etc.

2. Technical and economical evaluation of the project

2.1. Main parameters of the apparatus (its advantages over existing counterparts) and uniqueness (superiority) retention period

· wide energy range: 2E from 2 GeV to 5 GeV (two times wider than that of BEPC-II facility in China)

· luminosity of 1035 cm-2s-1 (3 orders of magnitude higher than at the CLEOc facility in USA, and 2 orders of magnitude higher than at BEPC II, currently keeping the world record in this energy range)

· longitudinal beam polarization (not available at other facilities)

· uniqueness retention period — 10 years after construction

2.2. Evaluation of project's technological feasibility
The Super-с-τ-factory project is currently worked out in detail at BINP SB RAS and is ready to be implemented. BINP has all the elements needed to construct the Super-с-τ-factory within the shortest timescale: highly skilled scientific personnel, unique technical and technological experience in construction of particle accelerators, colliders, detectors, etc. The usage of existing well-developed BINP infrastructure will allow a significant saving of the resources needed, and minimization of the construction time. Clear demonstration of the project feasibility is the existence of large-scale unique facilities currently in operation, which have been constructed using largely off-budget means:

· Electron-positron collider VEPP-4M (center-of-mass energy 2E=2−11 GeV) with the KEDR detector aimed at precision measurements. A number of world most precise measurements in psi-meson and tau-lepton physics have been performed here. 

· Electron-positron collider VEPP-2000 with the energy 2E=0.3−2.0 GeV that has been put into operation in 2009. Currently, VEPP-2000 has the highest luminosity in its energy range; two detectors, CMD-3 and SND, are presently taking data. 

· Injection complex with the productivity of 2·1010 electrons and positrons per second that will be used for the existing facilities and the future Super-с-τ-factory. 

· Free electron laser with the record power in the range of wavelengths from 30 to 200 μm. 

2.3. Total budget of the project (cost of the apparatus) and time constraints:

Funds required from the federal budget


305 MEuro.

Social infrastructure cost (guesthouse, etc.)*

 23 MEuro.  

Construction time (from the start of funding)

   6 years

Operation lifetime






 10 years

Operational cost 






   7 MEuro/year 

 (*infrastructure can be created using attracted investment)

Note: direct budget funding of the Institute in 2011 is 18.6 MEuro, funding due to contracts and grants – 27.9 MEuro.
2.4 Expected international participation in the project and funding structure (forms of participation and amount of funding, off-budget means): 

· Participating countries: Italy, United Kingdom, Japan, Germany, USA, Israel, Slovenia, Poland, etc. 

· Forms of participation and amount of funding: 

· Presently, active joint development of the principal accelerator aspects of Super-с-τ-factory construction is being performed, as well as of the new detector and information technologies. 

· Financial contribution of the potential collaborators in the Super-с-τ-factory experiments is estimated at about 23 MEuro. Naturally, the final decision about the specific contribution of the potential participants can be made after the positive decision of the Russian government on the project's funding. 

· Off-budget means

· BINP SB RAS has already invested 23 MEuro from the off-budget sources to the construction of the injection complex for the Super-с-τ-factory; 

· The amount of investment in the Super-с-τ-factory tunnel construction is 12 MEuro. 

· BINP SB RAS plans to expend 20 MEuro of the funds obtained from contract works to the construction of accelerator complex during 6 years. 

· It is expected that 23 MEuro will be expended on the social infrastructure by an involved investment. 

Finally, the total budget of the project is


 406 MEuro 

Including: 

Required federal budget funds




305 MEuro 
Expended federal budget funds



  
  12 MEuro 

Expended off-budget funds




  23 MEuro

Planned off-budget funds




 20 MEuro

Contribution of foreign participants


 
 23 MEuro

Involved investments to the social infrastructure

 23 MEuro

Off-budget contribution will amount to 22% of the total project budget. 

III. Plan of the project realization for the short-term period 
1. Timeline of activities on the Super-с-τ-factory
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	2015
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	Software development
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2. Schedule of the funding from the federal budget
(not including expended 35 MEuro, foreign partners contribution 23 MEuro, involved funds for social infrastructure 23 MEuro, planned off-budget fund 20 MEuro and labor cost)

	
	2012
	2013
	2014
	2015
	2016
	2017
	Total

	Accelerator complex

	R&D
	6.1
	6.5
	
	
	
	
	12.6

	Purchase and production
	
	67.2
	48.8
	17.9
	0.9
	
	134.8

	Assembly and commissioning
	
	
	6.3
	14.9
	12.8
	4.7
	38.7

	Total
	6.1
	73.7
	55.1
	32.8
	13.7
	4.7
	186.1

	Super-c-τ-factory Detector

	R&D
	1.2
	2.3
	2.4
	0.1
	0.1
	0.1
	6.2

	Purchase and production
	
	7.0
	16.3
	17.0
	0.5
	0.2
	41

	Assembly and commissioning
	
	
	
	
	1.3
	0.3
	1.6

	Total
	1.2
	9.3
	18.7
	17.1
	1.9
	0.6
	48.8

	Building infrastructure

	Design and research
	
	0.1
	
	
	
	
	0.1

	Construction
	
	17.4
	25.7
	25.7
	0.9
	
	69.7

	Total
	
	17.5
	25.7
	25.7
	0.9
	
	69.8

	Full total
	7.3
	100.5
	99.5
	75.6
	16.5
	5.3
	304.7


IV. Compliance of the project “Accelerator complex with colliding electron-positron beams” to the criteria of international scientific megaprojects. 

	No
	Criterion
	Compliance to the criterion

	1
	Research facility allows solving the international scientific problems: the expected scientific results obtained with it alone open up new possibilities in the world scientific development and in creation of unique break-through technologies. 
	Project of Super-с-τ-factory with high luminosity and longitudinal polarization has significant impact on the development of elementary particle physics. The project has high innovation potential in quite a number of areas of science and technology.  

	2
	The facility significantly exceeds its counterparts by its parameters; the uniqueness retention period is not less than 10 years. 
	Wide energy range (2E=2−5 GeV, two times wider than that of BEPC II facility in China) and luminosity of 1035 cm-2s-1 (two orders of magnitude higher than at BEPC II, currently keeping the world record in its energy range) will provide a qualitatively new level of particle physics research. The uniqueness retention period will be 10−15 years. 



	3
	Foreign countries have declared their intention to participate in the construction (maintenance) of  the facility. 
	Presently, Memoranda of Intent on joint construction of the Super-с-τ-factory and B-factories have been signed with  KEK (Japan), LNF/INFN (Italy), John Adams Institute (United Kingdom) and JINR (Dubna, Russia). 

	4
	Construction and operation of the facility are performed based on the international agreement. 
	See. No. 3

	5
	Positive international appraisal of the project
	In March 2011, the project has been approved by the European Committee for Future Accelerators (ECFA), which considered the project as a significant contribution to the development of the particle physics. The project has been supported by two Nobel prize laureates – M. Perl and J. Cronin, as well as by CERN Director General R. Heuer, KEK Director General A. Suzuki and other authoritative international experts. 

	6
	Technical, economical and financial feasibility of the project. 
	The project is worked out in detail and is well-justified from the technical, economical and financial points, which is supported by the corresponding documents (Conceptual Design Report, Roadmap, Construction project, etc.)    

	7
	Existence in Russian Federation of world-recognized scientific school. 
	BINP SB RAS, IHEP, ITEP, PINP, INR and other Russian institutions have world-recognized scientific schools in the elementary particle physics. 

	8
	The expected cost of the Russian contribution in the creation and/or maintenance of the facility during 5 years exceeds 35 million Euro, the share of Russian Federation corresponds to the world share for similar facilities. 
	The budget funding required is 305 million Euro, which is 75% of the project's total cost. The accelerator part is expected to be funded by Russian funds. The amount of foreign participation in the detector will be 30%. This approach fully corresponds to the world practice. 




V. Conclusion

Physics program of the Super-с-τ-factory includes such fundamental problems as studies of charm mixing, search for CP-violating effects in charm decays, search for New Physics in rare or forbidden by the Standard Model decays of charmed particles, tests of the Standard Model in tau-lepton decays, searches for lepton flavor violation, searches for CP- and T-violation in decays of tau-lepton. 

The Super-с-τ-factory project, which is presently well developed at BINP SB RAS and is ready to be implemented, has been approved by the European Committee for Future Accelerators (ECFA), which considered the new facility as a significant contribution to development of particle physics. 

Presently, Memoranda of Intent on joint construction of the Super-с-τ-factory and B-factories have been signed with KEK (Japan), LNF/INFN (Italy), John Adams Institute (United Kingdom) and JINR (Dubna, Russia). Intentions to participate in the experimental program of Super-с-τ-factory have been already declared by 11 Russian and 9 foreign institutions, which have wide experience in the hardware design and particle physics research. 

The use of the existing BINP infrastructure, and also of the unique technological experience accumulated in the areas of detector and particle accelerator design, allows a significant reduction of the construction cost and time. 
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