
                        Introduction to the Project X White Paper
The recent P5 HEPAP Subpanel identified three general frontiers where further investigations are most likely to yield answers to the fundamental questions about the composition of the fundamental constituents that make up the universe and to the laws that govern their behavior. These frontiers are the energy frontier, the intensity frontier and the cosmic frontier. The Project X has the potential of being the flagship of our future quest to probe the intensity frontier. Project X not only would have the capability of delivering very high power proton beams at energies ranging from 2 to 120 GeV but would be able to accomplish this with unprecedented flexibility in timing structure (pulsed or continuous wave, gaps between pulses), duty cycle (fast or slow spill), and variety of simultaneously delivered beams. These features would allow both execution of new experiments and significant advances in the ongoing experimental programs.

Higher intensities can advance experimental investigations in a number of ways. They allow us to probe new limits on processes forbidden by the Standard Model but not limited presently by the backgrounds (eg mu->e conversion). They permit more precise measurements where the current accuracy is limited by statistics (eg K+ -> pi nu nu). They allow creating much cleaner, and hence more background free, experimental conditions permitting in turn execution of the more difficult experiments (eg K0 -> pi0 nu nu). They give us the capability of doing precise experiments where detailed, precise studies of spectra are necessary to disentangle various contributions to the observations (eg long baseline neutrino experiment) and to interpret the results. Finally, they allow us to perform experiments under a variety of different conditions which may be crucial for us to truly understand the phenomena studied (eg EDM studies for different atoms).

The intensity frontier is not an isolated section of our efforts to understand the universe. It has very close links with both the energy and the cosmic frontiers; some of our most fundamental questions being probed by the energy and cosmic frontiers need also input from the intensity frontier to achieve full understanding. The examples abound. Understanding the neutrinos and their mass paradigm may shed insights into the key question of the grand unification scale. CP violation in the neutrino mixing matrix might give hints about one of the deepest mysteries today: why do we have such a great predominance of matter over antimatter. If supersymmetry is discovered at the LHC, precision or forbidden-process experiments like mu-e capture, K->pi nu nu, muon g-2 or electric dipole moment searches might be necessary for distinguishing between different models of this general idea. 

The recent redesign of the Project X configuration, with a high power CW 2 GeV proton beam significantly enhanced the capabilities of that facility. The ability to deliver 2 GeV proton beams without impacting the neutrino experiments which need to take the major share of the high energy protons opens up the window on a whole spectrum of new experiments at the intensity frontier which either could not have been done without it or would be limited to a much lower sensitivity. In the subsequent discussion we divide the Project X capabilities into four different areas: neutrinos, muons, kaons, and fundamental physics using nuclear physics techniques. All of the attain new, hitherto impossible, capabilities with the availability of this new facility.  


