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Introduction. The discovery in 1998 by the SuperKamiokande Collaboration that neutrinos oscillate provided the first crack in the very successful Standard Model of particle physics. The observed oscillations between neutrino flavors implied both that neutrinos have mass and that the lepton flavor is not conserved, overthrowing two important ingredients of the Standard Model. Since that pioneering experiment many other investigations contributed to better understanding of the oscillation phenomenon and to a quantitative knowledge of the parameters describing it. 

The book of the neutrino physics is however far from being closed. The initial results, besides revolutionalizing our understanding of that subfield of physics, have also pointed the way toward exciting new opportunities. Project X is an accelerator complex designed with the goal of exploring these opportunities in an optimal way while at the same time taking maximum advantage of the existing Fermilab infrastructure. When combined with a new underground detector complex at DUSEL and a new high power neutrino beam pointing to it, it will create a premier facility in the world to probe the mysteries of the neutrino physics. The recent (May, 2008) report of the P5 HEPAP subpanel identifies 8 compelling issues in the neutrino field; Project X will address 5 of them; large detector(s) at DUSEL would address an additional one.  

Project X and the Key Questions in Neutrino Physics. The oscillation phenomenon can be described by 6 independent parameters: 2 mass squared differences, 3 mixing angles, and a CP violating phase. The mass squared differences are already known at the level of better than 10% and two of the angles θ12 and θ23, at the level of few degrees. The third angle, θ13, however, has only been shown to be comparatively small, the current limit being about 10 degrees.  Currently there are no reliable theoretical constructs which would either explain the values of the known parameters or predict what should be the value of  θ13.   

Measurement of θ13 is an essential first step towards mapping out the strategy for optimal pursuit of the two most important questions: what is the mass hierarchy of the three neutrinos and is there matter antimatter asymmetry (CP violation) in the neutrino sector. Knowledge of the first one would help distinguish between various theoretical models. Observation of CP violation might gives us clues as to the origin of the predominance of matter over antimatter in the universe. There are several experimental efforts around the world to measure θ13. Recently there have been some very tentative suggestions that this angle may be large enough to be within reach of the near term experiments (MINOS, the three reactor experiments: DoubleChooz, Daya Bay and RENO and the next generation long baseline experiments: T2K and NOvA). If these indications hold up, detailed planning for a Project X neutrino program would be able to proceed with the knowledge of the value of θ13. 

The primary measurement of the Project X long baseline neutrino experiment  is determination of the energy dependence for the numu->nue transition. The mass hierarchy sensitivity increases with the neutrino flight path. The distance between Fermilab and DUSEL is a good compromise between the neutrino event rate, which decreases as the square of the distance, and the sensitivity to the mass hierarchy.
If the value of θ13  is large enough, ie sin22θ13 > 0.01, this new planned long baseline experiment would be able to determine conclusively the neutrino mass hierarchy (if it is not already determined by NOvA) and would be sensitive to a large fraction of potential values of the CP violation phase. The requirements for the observation of CP violation are quite insensitive to the value of θ13 as long as sin22θ13 > 0.01 and cannot be satisfied without having access to beam intensities provided by Project X and large mass detectors like are contemplated for DUSEL. 

There is a tantalizing pattern in the measured neutrino mixing angles: sin2θ23 ~ 1/2, sin2θ12 ~ 1/3, and sin2θ13 ~ 0. A precise agreement with those values is what is expected from the exact tri-bi-maximal mixing which in turn might be due to a so far hidden symmetry between the three lepton flavors; small deviation from those values could then give an estimate of the level of such symmetry breaking. The Project X neutrino program is well suited to investigating this question through its capability to measure with high sensitivity both θ13 and θ23 with high precision.  

Short Baseline Physics. The Project X neutrino beam line aimed at DUSEL would provide a neutrino beam of unprecedented intensity. Many new precision high statistics experiments would now become possible with detectors relatively close (~1 km) to the target. Thus the Project X facility would also provide opportunities for new experiments with specialized detectors designed for a specific experiment. There has not been discussion of this topic at this workshop but some of the examples of such studies given   in previous work are: neutrino elastic scattering (information on sin2θW and neutrino anomalous magnetic moment), measurement of total and partial cross sections, and search for other weakly interacting particles. In addition, new beams from the high intensity 2 GeV source could be constructed for other investigations. One example would be study of the LSND anomaly with significantly higher precision that possible with the MiniBooNE experiment.

Non Standard Neutrino Physics Investigations. Depending on what the LHC will find, there might be interesting opportunities to detect footprints of new physics in the Project X based neutrino experiments. Possible scenarios include non-unitarity in the lepton mixing matrix (induced, for example, by mixing of active and sterile neutrinos), non-standard interactions of neutrinos with other particles, and more exotic scenarios like CPT and Lorentz violation. Some of these effects are most easily studied in near detectors, while others can only be observed in a far detector. The latter include interactions involving tau neutrinos which have to be produced by oscillations and non-standard neutrino matter effects. In general, high statistics, a broad energy spectrum, and low backgrounds are essential to make such far detector studies possible. The contemplated Project X to DUSEL experiment meets such conditions.

Simulations show that a Project X based neutrino beam has the potential to improve current bounds on many non-standard effects in the neutrino sector by about one order of magnitude. Besides the proposed neutrino experiments, these experimental setups  can also be used to search for long-lived, weakly interacting hidden sector particles produced in the target as predicted in some recent Dark Matter models..

Long Term Vision for Neutrino Physics. It is generally agreed in the neutrino worldwide physics community that the neutrino program must be planned in stages, successive stages being very much shaped by the results from the preceding ones. It is convenient to talk about 3 stages:

a) Currently approved experiments, very much focused on determining θ13. This stage should produce important results (or limits) on a time scale of 2-5 years. 
b) Super Beam stage, of which the Project X related effort, is the US example. There are efforts along similar lines in both Asia and Western Europe. First results might be forthcoming here in about 10 years.
c) New Facility efforts, oriented around a Neutrino Factory and/or a Beta Beam Facility. The determination of the need and feasibility of such facilities must await results from the preceding stages.         
A neutrino factory would require an intense proton source like is proposed for Project X. Thus should physics point towards construction of such a facility, the US neutrino program would have made the first step towards it with the Project X. 

Neutrino Programs Abroad. The importance of neutrino physics is also recognized in other regions and there are ongoing activities and long range plans for pursuing opportunities in neutrino physics in both Western Europe and in Asia.   

In Japan, there are several super beam options being considered extending beyond the currently ongoing T2K project. Currently the main possibilities are:

a) a 100kt liquid argon detector  in Okinoshima, a small island 658 km away from the neutrino source. The beam would be slightly off-axis. Both the first and second oscillation maxima would be studied in the same detector.   

 b)  540 kt  water Cerenkov detector at Kamioka, 295 km away. Only 1st oscillation maximum would be covered by a run with neutrinos and a much longer run with antineutrinos.

c) Two 270 kt water Cerenkov detectors, one at Kamioka and the other one in Korea, about 1000 km away. The two maxima would be covered separately, one in each detector. Roughly equal runs with neutrinos and antineutrinos are contemplated in this scenario.
In Western Europe, the current planning for a super beam follow up program is under active discussion. The earliest plans centered around a few GeV superconducting proton linac at CERN and detectors at the Frejus underground laboratory but currently many other ideas are being pursued. .


