The success of the present-day ground-based -ray observatories H.E.S.S. [1], MAGIC [2] in Europe, and VERITAS [3] in US, has been demonstrated outstandingly in recent years through prominent discoveries in the sub-1TeV energy regime, where these observatories have their highest sensitivity. More than 70 sources have been detected, major scientific findings have been made, and high-energy -ray astronomy has been transformed into perhaps the most exciting area of particle astrophysics by the contributions from world-wide community of researchers. Among highlights are the discovery of high-energy particle acceleration in the shells of supernova remnants [4], the observation of diffuse -ray emission resulting from the interaction of cosmic rays (CRs) with molecular clouds [5], the detection of modulated very high energy (VHE) -rays from X-ray binaries and micro-quasars [6,7], the discovery of VHE -ray radiation from the Galactic Center [8, 9] resulting from astrophysical processes associated with accretion onto central black hole (BH) or possibly self-annihilating dark matter [10], the measurement of unexpectedly fast variability in the -ray luminosity of Active Galactic Nuclei (AGN) [11] and the radio galaxy M87 [12], an indication of a surprisingly low energy density in the diffuse visible and near infrared radiation which fills the Universe [13], and the discovery of a new population of unidentified VHE -ray sources in the Milky Way [14]. 

We expect that the rapid progress will continue in the field, with many results coming from the existing observatories based on small arrays of imaging atmospheric Cherenkov telescopes (IACTs) , e.g., VERITAS and H.E.S.S., and from the newly-launched Fermi Gamma-ray Space Telescope (FGST) [15,16]. However, there are already compelling reasons that a major next generation ground-based gamma-ray observatories (GBGROs), to follow-up on the results from VERITAS and FGST, will be needed. The scientific community is developing concepts for future instruments such as the Advanced Gamma-ray Imaging System (AGIS) in the Americas [17] and the Cherenkov Telescope Array (CTA) in Europe [18]. These observatories should be able to detect and characterize non-thermal astrophysical sources in our galaxy and at cosmological distances, be able to study transient VHE phenomena throughout the Universe, and have significant probability of discovering indirect signatures of dark matter (DM) through the detection of -rays resulting from self-annihilation of the mysterious DM particles. The observing capabilities of future GBGROs must allow systematic follow-up studies of the thousands of -ray sources which are expected to be discovered by the FGST. The broad science case for very high-energy-ray astronomy, and supporting research and development of the next generation instrumentation, has been demonstrated in a recent white paper study that was commissioned by the Division of Astrophysics of the APS and recently published [19], it was also presented in the latest report of the HEPAP Particle Physics Project Prioritization Panel [20], and it is the subject of discussion of the ongoing Astronomy and Astrophysics Decadal Survey (AADS), 2010 [21].
It becomes increasingly evident, however, that an international partnership and collaboration must be established within the world-wide community of -ray astronomers and astrophysicists to advance research frontiers of the VHE -ray astronomy. Achieving required ten times boost of sensitivity, three times improvement of angular resolution, and two-three times increase of the field of view to enable surveying capabilities of the future instrumentation are major technological tasks. They will most likely require combining resources of all active in the field groups in Europe and US and developing new technological solutions based on the diverse approaches, unique facilities and “know how” expertise of different international groups. These “across the borders” nucleation processes of technological and intellectual resources have already started in Europe (Germany, France, Spain, Italy, Switzerland, Portugal, and Poland) around the CTA project and in Americas (US, Canada, Mexico, and Argentina) around the AGIS project. The uniqueness of this PIRE proposal is that for the first time we try to bring together scientists, engineers, and technology experts from both sides of the Atlantic in an effort to develop potentially revolutionary for ground-based -ray astronomy telescope technology, the Schwarzschild-Couder(SC) telescope design (see Fig. 2). 
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Although this telescope design was first proposed in 1905 by Karl Schwarzschild [24], it has never been built in the history of astronomy due to the lack of relatively inexpensive and reliable technologies. The original ideas to adapt this telescope design to -ray astronomy were developed in US at UCLA [22, 23], but the first successful demonstration of the benefits of this approach will critically depend on the novel manufacturing technologies of aspheric mirror segments which are under investigation by the participating groups in Italy (Brera AO/ INAF), on the implementation of accurate telescope positioning system based on the expertise gained at the Argonne National Laboratory (ANL) in US and by the Deutsches Elektronen-Synchrotron (DESY) group in Germany, on the focal plane instrumentation which will be assembled in Germany (MPI, Hedelberg) and Italy (IASF-Palermo/INAF), and on the results of the fast electronics developments which has been achieved at the University of Chicago, Stanford University, and SLAC National Accelerator Laboratory. In overall this PIRE project will merge synergistic activities of leading in the field  US Universities (3), US national labs (2), international collaborators from Germany (2), Italy (2), Canada (1), Mexico (1) and industrial partners in US (ATK Space Systems Inc., Composite Mirror Applications Inc., ITT space system division) and Italy (Media Lario Technologies Inc.) to create a hub of technology development for advancement of scientific frontiers in -ray astronomy in US and word-wide. This project will provide a number of educational opportunities for graduate students and post-doctoral researchers in science and engineering via their early involvement in the international collaboration and development of cutting edge scientific instrumentation.  Perhaps most importantly, it may also  become the first example of prolific close collaboration between AGIS and CTA members, and this may lead to unification of world-wide experimental efforts, thereby bringing benefits to the community of -ray astronomers and astrophysicists in general.  
All collaborators on this proposal are world leading experts in the area of atmospheric Cherenkov technique and Cherenkov telescopes. Majority of the participants also have significantly contributed to the construction of the present day observatories VERITAS, H.E.S.S., and MAGIC and have gained considerable experience in understanding of the costs and technical challenges of constructing prime-focus Davies-Cotton (DC) reflectors (see Fig 1) and assembling cameras of DC telescopes from hundreds of individual photo-multiplier tubes (PMTs).  The relatively inexpensive, DC, light-concentrating telescope design has been used in the ground-based -ray astronomy for almost fifty years. Although the DC design provides robust baseline option for future GBGRO, such as CTA or AGIS, an improvement of angular resolution and/or increase of the field of view of the DC telescope requires an increase of the focal length of the optical system, and it comes with the large increase in the cost of the focal plane instrumentation (thousands of individual PMTs) which must much in size the large plate scale of the DC telescope. In addition, the large number of individual PMTs in the camera of DC telescope compromise robustness of operation due to the frequent failure of individual channels. 

Through the major international efforts of this proposal we attempt to overcome limitations of the DC telescope by developing a fundamentally different, and as yet never built, optical system based on the SC telescope design [22,23], which consists of two mirrors configured to correct spherical and coma aberrations, and minimize astigmatism (see Fig 2). For a given light collecting area the SC optical system (OS) has considerably shorter focal length than the DC OS, and is compatible with small-sized, integrated photo-sensors, such as Multi Anode PMTs (MAPMTs) and Silicon PMs (SiPMs).  Although the SC telescope OS, based on aspheric mirrors, may be more expensive than that of a DC design of similar aperture and angular resolution, it offers dramatic reduction in the costs of focal plane instrumentation (e.g. several tens of dollars per MAPMT channel versus several hundreds of dollars per PMT), a potential improvement in reliability of operation due to the high degree of integration (64 or 256 channels per MAPMT), and compatibility with novel inexpensive modular camera design based on the SCA (switched capacitor array) ASICs, pattern trigger, and high-speed data acquisition system. In addition, the SC telescope offers a wide, unvignetted, 8 degree field-of-view, unprecedented for IACTs, which can be further extended up to 12 degrees, if necessary, when a modest degradation of imaging and loss of light collecting area can be tolerated. The Schwarzschild telescope design is more than 100 years old, but the construction of SC telescope only became technologically possible recently due to fundamental advances in the replication processes developed for fabricating aspheric mirrors and in electronics to adapt SC design for -ray astronomy.  

It is evident that the SC design, utilizing novel technologies, is scientifically attractive. However, it cannot be considered as a viable risk-free option for a several 100M dollar scale multi-telescope projects, such as AGIS or CTA,  unless at least one instrument is developed and its performance, costs, and scientific capabilities demonstrated. The goal off the participants of this proposal is to use unique expertise of individual groups developed in the areas of mirror technology, telescope metrology, ASIC based electronics, photo-detectors, and telescope positioning system to enable SC technology and demonstrate its capabilities for future GBGROs. The telescope mechanical design will be accomplished in collaboration between ANL, DESY(Germany), and UCLA groups. The two mirror replication technologies (slumped glass and composite mirrors) for primary and secondary segmented mirrors will be developed and adapted to SC design by the Brera AO/ INAF (Italy) and UCLA groups in collaboration with US and Italian industrial partners mentioned earlier (MLT, ATK, ITT, CMA) to assemble telescope optical system. Telescope alignment and metrology systems will be developed in collaboration between  UCLA and McGill University (Canada). Focal plane instrumentation will be selected and delivered through joint efforts of MPI, Heidelberg (Germany) group, IIASF-Palermo/INAF (Italy), and ANL group.  University of Chicago, will lead task of integration of camera mechanics, focal plane instrumentation, and electronics, the latter will be designed and implemented by Stanford University/SLAC group. It is planned that the first SC telescope will be initially erected on the SLAC or ANL grounds. This will simplify required intensive communication between all groups and will enable easy access to the telescope to accomplish development, calibration, and testing tasks. Once the performance of SC telescope is characterized at the lab, it will be relocated to one of two astronomical sites; San Pedro Martir observatory in Baja, Mexico, or the site of H.E.S.S. observatory in Namibia, Africa. Representatives of both sites are participating in this proposal (UNAM/Mexico group, MPI Heidelberg/Germany group) and are committed to provide support of related activities at the sites.
Enhancing research excellence via international partnership and collaboration

PIRE projects will advance research frontiers because of the significant and specific contributions (e.g., expertise, facilities, sites, data, different approaches/methods, educational opportunities, etc.) to the collaboration from international partners. PIRE supports projects that can only be accomplished with the intellectual contributions of international partners and where the synergy from such collaborations adds value beyond that of domestic collaborations. PIRE partnerships will contribute to creating hubs of international collaboration that draw upon the best researchers or research groups in the world and make use of the diverse capabilities of all participating institutions to bring demonstrable benefits to the U.S. research and education community. PIRE will support partnerships that are considered highly meritorious by one or more NSF Directorates or Offices; such partnerships can be in any science and engineering field in which research is supported by NSF, as well as in the field of research on science, technology, engineering and mathematics (STEM) education.

Promoting educational excellence via international collaboration and development of a diverse U.S. science and engineering workforce that is prepared to engage with the global community.

PIRE projects will advance strong science and engineering education programs in which there is tight integration of research and education activities that take advantage of the international partnership. In line with NSF’s commitment to training a diverse, competitive, and globally-engaged U.S. workforce, projects are expected to develop a cadre of scientists and engineers from diverse backgrounds that will play a leadership role in forging international collaborations now and in the future. The globalization of research and career opportunities makes it important for U.S. scientists and engineers to gain an international perspective early in their careers. Therefore, a significant part of the PIRE partnership must involve undergraduate students, graduate students and/or early-career researchers who are U.S. citizens or permanent residents working on research-related activities at foreign sites such as academic or industrial laboratories or other suitable settings.

Developing international partnerships that enlist resources and commitments within and across institutions to strengthen the capacity for U.S. international engagement at levels beyond an individual’s research group, for example, at the level of department, school/faculty, institution, and/or inter-institutional network/consortia.

PIRE projects should influence how institutions or sets of institutions enable U.S. researchers and students to interact and succeed in the rapidly changing landscape of international research and education. PIRE projects will involve participation of both foreign researchers/institutions and a diverse suite of U.S. actors. The U.S. actors may include, for example, students and faculty, administrators, foreign language departments, international program offices, and others. They may represent different academic institutions, including four-year and two-year colleges, as well as non-governmental organizations, professional associations, industry, institutions of informal learning (e.g., museums, zoos), information technology centers, etc. Projects should incorporate the transformative use and development of cyber infrastructure and organizational/human networking to create and sustain an environment that enables U.S. participants to engage internationally whether they travel abroad or not. Successful projects will combine diverse entities and activities into a coherent whole that enables implementation of the project’s research and education goals and, moreover, serves as a catalyst for change within one or more U.S. institutions to enhance capacity to engage successfully in international research and education collaborations.
Figure 2. Drawing of Schwarzschild-Couder telescope two-mirror design made by V. Guarino at Argonne National Laboratory.





Figure 1. VERITAS 12m, f/1.0 telescope based on the Davies-Cotton reflector design composed from 350 identical spherical mirror panels.











