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The summary of working group WG1 exploring the discovery science enabled with SRF technology is given here.
Introduction
      Experimental particle physics advances by synthesizing insights won by many techniques.  Super-conducting RF technology holds the promise of dramatically extending the energy frontier reach through next-generation colliding beam experiments, and the reach of the intensity frontier with a broad sweep of experiments ranging from the search for an electric dipole moment (EDM) of the neutron to long-baseline neutrino experiments that span the Great Plains of the United States.  
      To date, colliding beam experiments have taken us to the energy frontier with proton-antiproton collisions at the Fermilab Tevatron and electron-positron interactions at LEP(CERN) and SLC(SLAC).  Colliders have enabled measurements of great delicacy at the B factories and CLEO(Cornell). Fixed-target experiments have been major contributors to flavor physics, our knowledge of nucleon structure, and our understanding of neutrino properties and interactions. However, many of the accelerator experiments that have helped define the diversity and scale of our program, and have helped drive the past decades of discovery, are coming to an end. 
     Beyond the Tevatron Collider program, we look forward to the start of the Large Hadron Collider program at CERN, which will place experiment squarely in the heart of the TeV scale essential to the understanding of electroweak symmetry breaking.  The U.S. is a key player in the LHC program, as a developer of super-conducting magnets and major detector and computing systems for LHC experiments.  The high-energy frontier is part of the U.S. program’s heritage, and remains an essential element of its future. 
     Doing good science and making new scientific tools available is critical to the future of experimental particle physics in the U.S. .  This requires the broadband energy frontier assault that the LHC provides, followed by the incisiveness of lepton colliders: the International Linear Collider (ILC) with direct physics reach below 1 TeV and the Compact LInear Collider (CLIC), and Muon-Collider concepts for direct reach beyond the 1-TeV scale.  Both the CLIC and Muon-Collider concepts pose extreme technical challenges. Bold new concepts to overcome some of these challenges have evolved in recent years and now need to be tested. 
The flavor of new physics accessible at the Intensity Frontier:
Flavor phenomena have contributed to shaping the structure of the Standard Model of particle physics (SM) as much as any other ingredient. The existence of flavor for quarks and leptons gives the SM its family and generation structure. Assembling quarks in electroweak doublets to suppress flavor-changing neutral currents with kaons led to the prediction of the charm quark. Kaon decays also led to the observation of CP violation, and to the CKM model, which in turn predicted the existence of a third generation. Mixing of neutral B mesons, similar to the role played by neutral kaon mixing in getting the mass range for the charm quark, was the first experimental observation that correctly anticipated the large value of the top quark mass. The dramatic discovery of neutrino masses provided the first incontrovertible evidence that the SM is incomplete and may provide a window to grand unification of forces. It is not surprising that several of the great questions of particle physics have flavor at their core, and it is reasonable to expect that flavor physics will continue playing a crucial role in the progress of the field. 
     There are several elements that directly associate LHC physics with flavor issues. In the absence of a higgs or some other mechanism of electroweak symmetry breaking (EWSB), quark flavor effects would not even exist. All flavor phenomena in the SM are encoded by a handful of input parameters that lack any dynamical content. But when we move beyond the Standard Model, flavor phenomena can cover a much wider landscape and are even more strongly entangled with the dynamics of symmetry breaking. Flavor changing processes can be mediated by new particles such as charged higgses or supersymmetric partners. New flavors may appear, either in the form of new generations, or as exotic partners of standard quarks (such as Kaluza-Klein excitations in the case of extra-dimensional theories, or the T’ and B’ quarks in “little higgs” models). New sources of CP violation can arise from couplings of non-minimal higgs sectors, or of superpartners. With all of these new sources of flavor effects, the natural suppression of most flavor violating phenomena in the SM is put into jeopardy, and much larger effects are generally expected from new Terascale physics. In the context of Beyond-SM (BSM) model building, this is a fundamental issue called “the flavor problem”.
     Equally important is the fact that in several BSM frameworks the parameters of flavor are not just arbitrary inputs but instead are the result of dynamics or symmetries of the underlying theory. Unified theories predict relations between the couplings of quarks and leptons. In supersymmetric models with neutrino masses, a mix of symmetry relations and dynamics connects neutrino mixing and flavor transitions in the charged-lepton sector. In extra-dimensional theories the family replicas can be understood as different branes on which fermions are bound to live, and mixings are tied to the relative positions of these branes in the extra dimensions. In supersymmetric theories, EWSB can be generated dynamically by the large value of the top quark mass, making EWSB, in some sense, a flavor-driven phenomenon. Finally, the numerical coincidence of the top mass value with the scale of EWSB is yet another mysterious hint of a possible direct connection between electroweak symmetry breaking and flavor. 
     These connections between symmetry breaking and flavor, as well as the flavor mysteries of neutrino masses and the matter antimatter asymmetry of the universe, very strongly suggest that flavor will play a key role in exploring the new physics landscapes unveiled by the LHC. Most new physics manifestations that we can envision will provide new sources of flavor phenomena, accentuating our need to address the flavor problem. The optimal approach to understanding flavor will depend on the details of what is discovered. It is sensible to expect, on the basis of the history of particle physics and of the explicit models of new physics available today, that experiments at the high-energy frontier and flavor experiments at the high-intensity frontier will provide complementary keystones in the coming phases of exploration of the laws of nature. The confluence of discoveries and measurements from many facilities will be needed to achieve a deeper understanding of the great questions of particle physics. 
Scientific Opportunities at the Intensity Frontier:
The “Project-X” concept being developed at Fermilab has the potential to drive world-leading particle physics experiments at the intensity frontier.  These experiments include neutrino oscillations over a long baseline, rare processes in quarks and charged leptons that are suppressed or forbidden in the Standard Model, and precision measurement of neutron decay parameters.  The scientific reach of this suite of measurements today is limited by available proton beam power.  An incomplete list of world-leading experiments that could be mounted at the multi-Megawatt Project-X proton beam facility is presented here:

· Long-Baseline Neutrino Experiment (LBNE):    A high power proton source in excess of two Megawatts at Fermilab driving massive detectors at the Deep Underground Science and Engineering Laboratory (DUSEL) could map out the fundamental properties of neutrinos and search for matter-antimatter asymmetries among neutrinos.  Evidence for matter-antimatter asymmetry in the neutrino sector could help us understand one of the most vexing problems in particle physics today:  The clearly apparent asymmetry of matter and antimatter in our world and how that could have evolved from the symmetric state in Big Bang cosmology.  Further, precision measurement of neutrino parameters may offer a glimpse of the scale where forces unify (the GUT scale, around 1016 GeV/c2) through various “see-saw” models that inversely leverage the very small neutrino mass scale to scales far beyond the direct reach of conceivable colliders.    
· Muon-to-electron conversion experiments:  The relatively long muon lifetime permits access to very rare phenomena induced through virtual loop process.  Dramatic processes such as the coherent conversion of a muon into an electron in the field of a nucleus could be mediated by such BSM physics, in many cases beyond the reach of the LHC.   The Project-X beam power can probe rates as small as 10-18 of the normal muon nuclear capture rate near a nucleus.   
· Search for the muon electric dipole moment:  The search for electric dipole moments (EDMs) of fundamental particles is a uniquely incisive probe of matter-antimatter asymmetries in particle interactions.   Many theories beyond the Standard Model, such as Super-Symmetry can induce EDMs.   A search for the muon EDM is uniquely sensitive to generation & flavor dependence of new physics that generates EDMs.    Several novel concepts have been developed to deeply probe the muon EDM, all of which require very bright muon sources and consequently very high power proton drive beams.  
· Search for ultra-rare muon decays:  Ultra-rare muon decays such as muon decaying into a photon and electron or into 3 electrons (e+e-e+) are sensitive probes of BSM models and likewise require very bright muon sources.  
· Precision measurement of ultra-rare kaon decays:  Many examples of BSM physics induce substantial enhancements through loop effects to the Standard Model process of Kwhich can be calculated to high accurarcy in the Standard Model.  Measuring this highly suppressed process, ~50 parts per trillion in the Standard Model, requires very bright kaon sources and consequently extremely intense proton drive beams with flexible timing characteristics.   
· Precision measurement of interference phenomena in the neutral kaon system:  The neutral kaon system is a very sensitive interferometer by virtue of the tiny mass difference between the KS and KL mass states.  Measurements in the neutral kaons system today are the most sensitive probe of the microscopic structure of space-time (CPT violation).  The proton beam power available at Project-X can drive next generation experiments that can probe inverse mass differences between K0 and anti-K0 approaching the Plank scale.  
· Precision measurement of the neutron lifetime:  Precision measurement of the neutron lifetime can be used to determine the fundamental coupling of the up-quark to the down-quark with high accuracy. This determination combined with other precision measurements of quark couplings is sensitive to new families of quarks that may exist beyond the known three generations.  
· Search for the neutron electric dipole moment:  The search for an electric dipole moment of the neutron is broadly recognized as one of the most incisive probes of new physics today.  The current search sensitivity of neutron EDMs tightly constrains the character of new physics beyond the Standard Model, and further sensitivity driven by Megawatt class proton beams can probe many new physic models.   
· Search for a nuclear electric dipole moment:	The search for a nuclear electric dipole moment shares the strong physics motivations with the search of EDM in the neutron and the muon. It tests time-reversal symmetry and probes physics beyond the Standard Model. In particular, it is sensitive to T-violating mechanisms in the strong interaction present among the nucleons.  In the nuclear sector, radium-225 (half-life = 15 d) is a particularly good case for EDM searches due to the octupole deformation of the nucleus.  Project-X can become an abundant source of radium-225. Its yield can exceed the current level by 4-5 orders of magnitude, thus offering the opportunity to dramatically improve the EDM search sensitivity
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