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The flavor of new physics accessible at the Intensity Frontier:
     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. 

Kaon Physics Opportunities at the Intensity Frontier:

     State of the art rare decay kaons experiments have probed branching fractions in the 10-11 – 10-12 range including the rarest particle decay ever observed, B(KL  e+e-, [ref]) = 9x10-12, and the discovery of the sought after process B(K+  +) = 16x10-11, [ref]).  These measurements were made possible with 20-50 kW of “Slow Extracted Beam” (SEB) proton beam power extracted from proton synchrotrons.   Next generation experiments aimed at 1000-event Standard Model sensitivity to the K   process require branching fraction sensitivities at the 10-14 level which consequently require beam power in excess of 200kW per experiment with high duty factor beams.   High duty factor beams have historically been generated with SEB techniques which do not scale well to the required high power of these next generation experiments.  “Continuous Wave” (CW) linac technology presents an opportunity to break through this power barrier and provide high power, high duty factor proton beams to drive next generation experiments.  These research opportunities will be discussed in turn:

· Precision measurement of B(KL  0): New physics can induce substantial enhancements to the branching fraction through loop effects.  The Standard Model process KLwithin the Standard Model can be calculated with precision and is  uniquely sensitive to matter-antimatter asymmetries of physics beyond the Standard Model.   Measuring this highly suppressed process, 30 parts per trillion in the Standard Model, requires very intense kaon sources.  Pursuit of this measurement is further complicated by the signature of all neutral particles in both the initial and final state. The high precision timing properties of proton linac technology provide experimental tools (Time-of-Flight techniques)  to strengthen the experimental signature and reject background processes to the required level.
· Precision measurement of B(K+  +):  New physics can likewise induce substantial enhancements through loop effects to the charged mode rate in the Standard Model which can be calculated with precision.  Measuring this highly suppressed process, 80 parts per trillion in the Standard Model, requires very bright kaon sources and consequently extremely intense proton drive beams.   This process was discovered at the BNL AGS with “stopped kaon” techniques fueled with a high intensity low energy K+ beam.  This demonstrated technique can be further exploited using the Fermilab Tevatron “Stretcher” and Project-X which can deliver x10 and x200 times the rate of K+ decays realized at the BNL AGS.     
· 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.  
