Neutrino Experiments Considered by the Steering Group
The neutrino group has received solicitations from several experimental groups.  The solicitations may be grouped into 3 broad categories:  (a) neutrino physics other than oscillations; (b) physics of relevance for oscillations or experiments which help engineer toward a longer-term oscillation program; and (c) oscillation physics.  The distinctions are of importance because our group in particular is charged with recommending a slate of experiments which is coordinated with the HEPAP NuSAG report (due in mid-July), which is considering a long-term oscillation program in the U.S. to follow the NOvA, T2K, and Daya Bay experiments.  Thus experiments in category (a) and (b) can be recommended as short- and medium-term experiments, while those in category (c) are on the scale of 2012 or later, pursuant to the recommendations of NuSAG.

NuSOnG

NuSOnG is an experiment to measure sin2(W) to 0.7% using muon neutrino scattering on electrons.  It would run in the fixed-target neutrino line using 800 GeV protons from the Tevatron.  A total of 4(1019 POT/year for each of 5 years is requested.

The weak mixing angle is determined to good precision using the fits to electroweak observables from LEP and SLD and the Tevatron.  The goal of a new measurement by NuSOnG would be “Beyond-the-Standard-Model” (BSM) physics which would show up in the scattering of muon neutrinos on electrons, and are sometimes parameterized in terms of the Peskin-Takeuchi S and T parameters.  The constraint on BSM physics that is available in the neutrino-electron coupling gR/gL and (gL)2+(gR)2 is probed only by measurements of the Z invisible width at LEP (or a future ILC or GigaZ), and the proposed experiment would reduce significantly the 3.5% error from the previous similar measurement of muon neutrinos scattering on electrons achieved by CHARM-II.  It is of interest that there is tension in the global electroweak fit for the weak mixing angle.  

A strength of the experiment is that it makes two measurements of sin2(W).  The first is by scattering off electrons and the second is by scattering from quarks. This is to be contrasted with NuTeV which made a measurement only through scattering off of quarks, and which found an anomalous value of sin2(W). The NuTeV result may indicate Beyond Standard Model physics or unexpected systematic uncertainties due to nuclear effects. Note that the NuSOnG 0.7% measurement from neutrino-electron scattering is comparable to the 0.7% NuTeV measurement made off quarks, and NuSOnG should measure sin2(W) to 0.4% using neutrino-quark scattering as well.
NuSOnG is a large spectrometer designed to be similar to CHARM (glass plates, tracking chambers), but 4X the size (2600 tons).  The TeV operated as a fixed target machine would be used to generate a pure muon neutrino or anti-neutrino beam via a sign-selected quadrupole train (SSQT) similar to NuTeV, whose electron neutrino content (a background for this measurement) was <0.5%.  Thus the experiment cannot be performed at any other neutrino beam (NuMI or Booster Neutrino Beam) at FNAL or other laboratories (CERN, JPARC).

LArTPC Near Detector in NuMI
Liquid Argon TPC’s provide the possibility of doing detailed particle reconstruction in neutrino scattering experiments.  With the possibility to fully reconstruct final states such as Neutral and Charged Current scattering producing final state charged and neutral pions, as well as the possibility to detect Charged Current electron-neutrino scattering events without ambiguity, such a ~1000 ton TPC detector in the NuMI beam line Detector Hall at Fermilab (currently the MINOS Near Detector Hall), could serve 3 important goals.  First, it could produce a variety of neutrino scattering cross section measurements on a variety of nuclear targets, in the spirit of the MINERvA experiment.  Second, it could serve as a near detector for the NOvA experiment, providing more detailed information about NC 0 interactions and the intrinsic electron neutrino content of the NuMI beam.  Third, it would serve as second step in an R&D step in the evolution of LArTPC research toward the long-term goal of doing muon- to electron-neutrino oscillation searches at a future off-axis site, like NOvA. 
A 100-1000-ton LArTPC could operate in the MINOS Surface Building, located about 800 m from the NuMI target at an off-axis angle of ~100 mrad.  Here, the neutrino spectrum from kaon decays peaks at about 2 GeV.  Ideally, it would operate underground, at the similar off-axis angle of 14 mrad as NOvA and see a more similar energy spectrum.  Such would require the excavation of an underground experimental hall larger than currently envisioned for the NOvA detector, but of possible benefit to many future experiments.  In either case, it runs parasitically during MINOS/MINERvA/NOvA operations, and requires no dedicated accelerator facilities.

LArTPC in BNB (MicroBooNE)
MiniBooNE has recently opened their box, yielding a null result for simple muon- to electron-neutrino 2-flavor oscillations at the 1 eV2 mass scale.  However, an excess of electron-neutrino-like events was observed at 300-475 MeV at their baseline of ~500 m from the BNB target.   Either the excess is new physics, not compatible with simple 2-flavor oscillations, or it is a new kind of background which is of importance for oscillation experiments operating at this energy range.  The LArTPC, with its very low energy threshold, is well-matched to study the individual final states that are known to give backgrounds to MiniBooNE at low energies, namely NC 0 interactions or resonant production of (N decays, and presumably can reconstruct other background processes which might be discovered at this energy range.  
The proposed MicroBooNE experiment will place a 50-ton fiducial volume LArTPC in the BNB in the MiniBooNE hall or the MINOS Surface Building.  It would better disentangle the interactions at low energies than MiniBooNE.  The detector, exposed to the low neutrino energies of the BNB or the NuMI off-axis beam, could be of relevance for R&D toward the (yet-to-be-approved) LArTPC at the T2K 2km near detector site.  A total of 3(1020 POT/year for each of 2 years in neutrino mode of the BNB is requested.  
s with SciBooNE (or updgrades)
The strange quark contribution to the nucleon spin (s) can be extracted from neutral current elastic (NC-elastic) scattering in the BNB with higher precision and less model-dependence than the deep-inelastic scattering measurements.  Neutrino neutral-current elastic scattering is uniquely sensitive to the nucleon axial structure and offers the best method for extracting s. Polarized, inclusive, lepton deep-inelastic scattering (DIS) indicates s~(-0.1), while semi-inclusive leptonic deep-inelastic scattering indicate that s is consistent with zero.  In addition to providing the strange quark piece of the proton spin puzzle, the s measurement has cosmological implications, as NC-elastic interactions dominate in core-collapse supernovae for  and  neutrinos.
This measurement could be performed via the SciBooNE experiment with additional run time (beyond that currently approved) to better measure the ratio of NC-elastic scattering events to CC scattering events, as originally proposed by FINeSSE.  Such has only been attempted previously by BNL-E734 in the 1980’s, and not with sufficient precision for the s measurement. A total of 2(1020 POT in neutrino mode and 4(1020 POT in antineutrino mode of the BNB is requested.  It is possible that detector upgrades and an extended run beyond these numbers would be requested.
NuFNAL
NuFNAL is an idea to perform the NuSNS experiment at a future Proton Driver at Fermilab.  The Proton Driver, operating at 1-2 GeV, would be used to generate a stopped-pion neutrino source in beam dump.  The detector located near, but upstream, of the beam dump, sees monochromatic 30 MeV muon neutrinos from pion decay at rest, followed by anti-muon-neutrino and electron-neutrinos about 2.2 microseconds later.  Thus, the experiment requires a short-pulse beam, on the MW-scale of protons like the SNS.

The physics that can be done is two-fold.  First, understanding neutrino-nucleus interactions in this energy regime is important for understanding core-collapse supernovae, and existing cross sections have been measured only on 12C, to about 10%.  Other nuclear targets could be measured by insertion of new target materials into the homogenous liquid or segmented detectors modeled after the NuSNS experiment.  Second, the experiment could observe coherent elastic neutrino-nuclear scattering, whose signature is a low-energy nuclear recoil of order 10’s of keV, as in dark matter experiments.  Such a search is limited at the NuSNS because of the large neutron backgrounds there.  The experiment could measure sin2W at a Q of ~0.04 GeV.  
LArTPC in NuMI at Ash River
The quality of reconstruction of final states in ~1 GeV neutrino interactions makes LArTPC technology ideal for performing muon- to electron- neutrino oscillation searches.  Such a detector, of order 5 kton in size, could be located at the Ash River site to serve as a longer-term upgrade of the NOvA experiment, whose goals are to measure sub-dominant mixing of muon-neutrinos to electron neutrinos, of interest because such transitions can be used to study CP violation in the lepton sector and the mass hierarchy of neutrinos.  Such an experiment will no doubt be discussed as part of the roadmap of oscillation physics laid out by NuSAG.  Like NOvA, this experiment will run in the NuMI off-axis beam and will benefit from the many (4-10)(1020 POT from the Main Injector available as a result of a reconfiguration of the existing accelerator complex or the construction of a Proton Driver.  Because it uses the NuMI beam, it does not require the construction of a new neutrino beam facility at FNAL.    
NuWBB toward DUSEL
Beyond NOvA and the LArTPC in the NuMI off-axis beam lie the ~Megaton scale detectors at a future DUSEL facility.  The Neutrino Group received information from Milind Diwan and Chang Kee Jung about such options, but notes that these detectors will be the subject of the forthcoming NuSAG report.  The larger scales of these experiments will permit the study of CP violation in muon- to electron-neutrino oscillations and study of the neutrino mass hierarchy.  No matter what option is chosen, the experiment, a new neutrino beam will have to be built at the FNAL site to aim toward DUSEL, and the proton demands from the Main Injector will be at the level of 1021 POT/year or greater.
