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PROJECT TITLE: Linear Collider

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B
( >$1B

SCIENTIFIC IMPORTANCE:

· The 2002 HEPAP long-range plan states: “The LHC and the linear collider are both essential to discover and understand the new physics at …[the TeV energy] scale…. We recommend that the highest priority of the U.S. program be a high-energy, high-luminosity electron-positron linear collider, wherever it is built in the world.”

· The new physics of the TeV energy scale must include the Higgs boson, or whatever takes it place as the entity that generates mass for all fundamental particles. Many detailed measurements need to be made before one can claim discovery of the Higgs and that it is responsible for the origin of mass.

· Most particle physicists expect that the Higgs will be accompanied by other new physics: new particles, new forces or even new dimensions of space-time. 

· The Linear Collider (LC) is planned as an international research facility to carryout elementary particle physics research complementary to the Large Hadron Collider (LHC) now under construction at CERN with U.S. collaboration. 

· Both facilities will explore new physics at the TeV (trillion electron-volt) energy scale, the highest energy yet probed in man-made experiments. 

· The effective energy of a 1 TeV center-of-mass electron-position linear collider has roughly the same effective energy available for particle interactions as the LHC. Since electrons and positrons are “point” particles with no internal structure, their full center-of-mass energy is available for new particle production.

· The LHC collides protons at 14 TeV center-of-mass energy but because protons are made up of quarks and gluons that move internally with very high energy, simple head on collisions between the quark constituents of the protons are extremely rare.  Consequently the typical available energy for new particle production is only about one-tenth the 14 TeV collision energy.

· Because the linear collider uses simple point particles, the collision process are also relatively “clean,” allowing precision measurement of certain key parameters that can only be measured with difficulty in the LHC, if at all.

· The need for a Linear Collider to compliment the LHC research program has been strongly endorsed by the U.S. High Energy Physics Advisory Panel (HEPAP), The European Committee of Future Accelerators (ECFA) and the Asian Committee on Future Accelerators (ACFA), representing the three major international regions engaged in particle physics research.

Notes on Funding: 

· The Linear Collider is planned as a fully international project.  There are, therefore, two funding scenarios, one for construction with the U.S. as host -- the “Onshore” Case, and one for construction of the LC abroad -- the “Off Shore” Case.  

· In the On Shore Case, it is assumed that the U.S. as host assumes 67% of the cost of machine construction.  This is consistent with informal international discussion among proponents and is based in part on the host country assuming responsibility for all conventional construction.  

· In the Off Shore case the U.S. as a “foreign collaborator” is assumed to be responsible for 25% of machine construction.  This is consistent with assumptions made by the German laboratory DESY (one of the two main competitors to the U.S. in hosting LC construction) in their proposal for a LC project called TESLA.  

· It is also assumed (in both cases) that the U.S. takes responsibility for 50% of the $700 M cost for the two detectors, giving the U.S. “ownership” of one detector in each case.  

· These assumptions are, of course, subject to change, renegotiation, etc.  

· To facilitate analysis of the Off Shore and On Shore machine and the detector costs models and to understand the full exposure of the host country, the best U.S. estimate for the total machine and detector costs is also presented, including the inflation guidance and a 30% contingency.  These costs are a rough approximation accommodating the range of the DESY TESLA cost and that of the U.S. competitor, the Next Linear Collider.  

PROJECT TITLE: SuperNova Acceleration Probe (SNAP)
First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:  

· Beginning in the 1990’s, a team at LBNL set out to measure the slowing down of the expansion rate of the universe, as one would expect from the gravitational attraction of matter after the Big Bang.  They used ground-based measurements of Type Ia Supernova (SNeIa) explosions, which can be used as “Standard Candles”.  Instead, they found the expansion rate is speeding up!   

· This discovery of a previously unknown energy causing the universe to speed up, the “Dark Energy”, was deemed “Breakthrough of the Year” by Science magazine in 1998!  Combined with other measurements, these results imply that about 65% of the content of the universe is composed of this mysterious Dark Energy, with the rest Dark Matter and known matter.
· An understanding of the nature of Dark Energy is of central importance to the High Energy physics program at DOE in its Mission to explore the fundamental nature of matter, energy, space and time.

· The evidence for cosmic acceleration is shaking the foundations of fundamental physics.  Further study will address profound issues at the heart of both cosmology and High Energy physics and will be of essential for our understanding of the physical laws and contents of the universe.
· The SNAP experiment was initiated by the LBNL led team to do dedicated, next generation, space based measurements of the properties of these supernovae to further explore the Dark Energy.

· SNAP is designed to precisely measure the history of the accelerations and decelerations of the expansion of the universe from the current epoch back to approximately 10 billion years ago, almost two-thirds the age of the universe.  From the data, it will be possible to differentiate between theoretical models of the Dark Energy, leading us to deeper understanding of the universe.

· The main feature of the proposed apparatus is a 2-meter wide-field telescope with a half-billion-pixel optical and infrared camera launched into earth orbit.  
· SNAP is currently in an R&D phase and its program has already been blessed by a number of panels, including those from DOE, NASA and the NRC.  The report from a recent “Lehman” review said that “the need for a space based large field of view mission like SNAP to elucidate the nature of Dark Energy via the study of Type Ia supernovae has been convincingly established” and that “the proposed instruments and observing strategy is appropriate and sufficient to carry out the scientific objectives of the mission”.  
Note:  SNAP is in an R&D phase, and not yet to conceptual design.  The funding estimate is based on costs from previous similar experiments.  This estimate is for FULL funding needed for SNAP and is based on DOE cost accounting, which may be different than that of other agencies.  We are exploring ways to partner with NASA since they also are interested in this science topic.  This possible partnership is not reflected in the estimated funding table.

PROJECT TITLE:  Off-Axis Neutrino Detector

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:

· A large “off-axis” neutrino detector would expand upon and complement the accelerator-based neutrino physics program that will soon begin with NuMI/MINOS, and further capitalize on our investment in the NuMI facility. 

· The discovery of neutrino oscillations by the Super-Kamiokande experiment in 1998 has firmly established that neutrinos are massive particles.  This is a deviation from the Standard Model of Particle Physics in which neutrinos are assumed to be massless entities.

· The next round of experiments will need to focus on the elucidation of the phenomena of neutrino masses and oscillations.

· A first step toward exploring the physics will be understanding the rate at which the three known neutrino species “mix,” or change identities. Current measurements from other experiments indicate that a crucial parameter characterizing neutrino physics will be the rate at which electron-neutrinos mix into other species.

·  The NuMI neutrino beam, under construction at Fermilab, will aim at the MINOS detector located in the Soudan mine in northern Minnesota, about 750 kilometers away.  MINOS is designed to precisely measure the mixing of muon-neutrinos into other species, following up on the Super-Kamiokande results.

· A large surface detector (~20 kilotons) off-axis of the NuMI beam by a few degrees with respect to the beam axis would detect electron neutrinos with a well defined energy, yielding a measurement of electron-neutrino mixing with values as small as 0.0025.

· Even a small non-zero value of this parameter would signal the possibility of CP violation in the neutrino sector. CP violation is needed to explain the fact that our universe is mostly made of matter and not antimatter.

· It is experimentally known that charge-parity (CP) symmetry is not conserved, referred to as CP violation, in the weak interaction of quarks. It has never been observed in leptons such as neutrinos, though it is theoretically possible. 

· If CP violation is observed in leptons, it would have a significant impact on our understanding of  the origin of mass and the evolution of the universe. It is now understood that CP violation in quarks is insufficient to account for the observed dominance of matter in our universe, so there must be other sources of CP violation at work in the early universe. CP violation in neutrinos may be the answer.  

PROJECT TITLE: Super Neutrino Beam (Proton Driver)

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:

· The Super Neutrino Beam provided by a one megawatt (MW) proton driver will address important physics questions complementary to those at the LHC or Linear Collider by producing ~10 times more neutrinos per second than the current Neutrinos at the Main Injector (NuMI) project. 

· Substantial evidence for neutrino oscillations in the last decade have motivated a world program of accelerator-based neutrino experiments.  

· The MINOS and MiniBooNE experiments in the U.S. and experiments underway in Japan and under construction in Europe will provide important information about the masses and mixings of neutrinos in the coming decade. 

· However, there will still be much to learn, and more comprehensive studies with intense neutrino sources are the next step. The exact physics goals and optimal design parameters for an intense neutrino beam will depend on results from the next generation of experiments. 

· The observation of neutrino oscillations tells us that lepton flavor is not conserved, and neutrino mixing induces flavor-changing transitions between the charged leptons.  Various types of new physics, such as supersymmetry, are also expected to induce such transitions, so the study of lepton flavor mixing could provide a window on new physics.

· More precise measurements of neutrino masses will improve our understanding of the Higgs mechanism, which is believed to endow particles with mass.

· The parton substructure of nucleons can also be explored in detail with the intense neutrino beam.

· The Super Neutrino Beam could enable the discovery and study of charge-parity (CP) violation in the neutrino sector, which, while theoretically possible, has never been observed.  (See also Off-Axis Neutrino Detector and Muon Storage Ring/Neutrino Factory descriptions.)

· The megawatt-class proton driver could also be the first stage of facility that evolves into a muon storage ring. (See the Muon Storage Ring/Neutrino Factory description for more details.)

PROJECT TITLE:  Proton Decay Detector

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:

· The next generation proton decay experiment would reach an order of magnitude farther in lifetime in searching for proton decay , one of the rarest processes in the universe (current limits probe a proton lifetime >1033 years).

· Lifetimes in the range ~10 33 to 10 34 years are predicted by some theories of "Grand Unification" of the fundamental particles and forces. These theories bear on the question of how protons, neutrons and their anti-particles are made in the early universe, and why there is an excess of protons and neutrons “left over” to form regular matter.

· Experimentation and limits set with this detector would exclude many but not all theoretical possibilities, or might discover proton decay. 

· The technology is not certain, but to date the most stringent limits have been set by large water detectors such as the Super Kamiokande detector in Japan. By scaling up the volume of such detectors, the lifetime reach can be increased before systematic limits are encountered. 

· Such detectors have also been used to study neutrino interactions and the phenomenon of neutrino oscillations, both from naturally-occurring sources of neutrinos, and in beams of neutrinos generated by accelerators. 

· Such a detector, if operated over a period of several years, would likely have the opportunity to observe neutrinos produced in supernova explosions that occasionally occur “nearby” in our galaxy. Such measurements provide valuable information for not only for neutrino physics but also for understanding supernovae.

· A next generation proton decay detector may also be used in conjunction with accelerator-generated neutrino beams to study neutrino oscillations and charge-parity (CP) violation in the neutrino sector. (see also Super Neutrino Beam and Off-Axis Neutrino Detector descriptions) 

· The detector would be located underground in a suitable cavern, or perhaps under water, or even conceivably under ice, and if it were to be used in conjunction with a neutrino beam, at a suitable distance from a suitable accelerator with a neutrino beam. The variations in suitability, and relative locations of detectors and accelerators, are the subjects of current study and debate. 

PROJECT TITLE:  Double-Beta Decay Detector (Liquid Xenon)

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:

· The Enriched Xenon Observatory (EXO) is designed to measure directly or set limits on the electron-neutrino mass. 

· Our current knowledge of neutrino masses relies on measurements of neutrino oscillations, which only measure the difference between the squared masses of two neutrino species that are changing identities. 

· EXO measures neutrino mass by searching for a very rare process known as “neutrinoless double-beta decay.” Conventional “double-beta decay” is an allowed but rare process in nuclear physics that has been observed in several elements, and is always accompanied by two neutrinos. Neutrinoless double-beta decay has never been observed, and would indicate the presence of new physics. 

· Neutrinoless double-beta decay is a hypothetical process that can only occur if neutrinos have mass and certain other properties. Current neutrino oscillation experiments require that neutrinos do indeed have mass, most likely in the range of tens of milli-electron-volts (0.01 – 0.09 eV).

· The limit on neutrino mass from previous double-beta decay experiments of this type is currently about 0.2 eV. This experiment aims to lower this limit by an order of magnitude, or else observe the process itself.

· EXO would search for the very rare process where an isotope of Xenon (Xe-136) decays to a Barium isotope plus an electron and positron, in a large detector filled with liquid Xenon. The usual two-neutrino double beta decay is a rare but allowed process that is one background for the process being sought. A small prototype experiment under preparation aims to measure this background. 

· Considerable R&D is being conducted on the detector and isotope separation of Xe-136, which makes up about 13% of naturally-occurring Xenon.

· Isotope separation for the full experiment (10 tons of Xe-136) may be prohibitive: this amount of Xe-136 would require running the entire world production of natural Xenon for 4 years through isotope separation plants.

· It is noted that there are other Xenon isotopes that are useful, e.g. in medical MRI imaging (Xe-129), and the bulk residue from isotope separation might also be useful in certain low background dark matter searches. 

PROJECT TITLE: Muon Storage Ring / Neutrino Factory

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B
( >$1B

SCIENTIFIC IMPORTANCE:

· The Muon Storage Ring would provide the most intense beams of neutrinos of any method now known, both in electron- and muon-neutrino varieties.  Estimated neutrino fluxes provided by such an accelerator are 100-1000 times those available with current technology. 

· The central physics goal of the Neutrino Factory would likely be a detailed study of CP violation in the leptons, if other data show that such phenomena are experimentally accessible. (See the Off-Axis Neutrino Detector description for more details.) In this sense the Neutrino Factory physics program is analogous to the current detailed studies of CP violation in quarks at the B-Factories. 

· If  CP violation is observed in leptons, it would have a significant impact on our understanding of  the origin of mass and the evolution of the universe. It is now understood that CP violation in quarks is insufficient to account for the observed dominance of matter in our universe, so there must be other sources of CP violation at work in the early universe. CP violation in neutrinos may be the answer.  

· A megawatt-class proton driver to supply muons for the storage ring would likely be the first phase of such a facility, with its own set of physics goals. (See the Super Neutrino Beam description for more details.)

· The Neutrino Factory shares many physics goals with Super Neutrino Beam but has greater reach due to its higher neutrino intensity and the fact that it can supply two “flavors” of neutrinos for detailed studies of neutrino properties. 

· Should the physics surrounding of the questions of neutrino mass, neutrino oscillations, and charge-parity (CP) violation in the lepton sector, prove compelling but beyond the reach of the Super Neutrino Beam, the next stage would be to construct the Muon Storage Ring / Neutrino Factory.  

· The Muon Storage Ring can also be upgraded at relatively modest cost to a muon collider operating at approximately 50 GeV on 50 GeV to provide copious production of Higgs particles – a Higgs Factory.

Note:  Since the technology for a muon storage ring is not yet proven, an extended R&D Program is required.  The costing model for R&D assumes successful completion of this program as currently envisioned.  

PROJECT TITLE: Charged Kaons at the Main Injector (CKM)

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:

· Charged Kaons at the Main Injector (CKM) is designed to observe the decay of a charged K meson to a charged pion and neutrinos. This is the theoretically cleanest way to measure one of the fundamental parameters of the Standard Model that cannot be predicted and must be measured.

· This measurement is also related to the portion of the Standard Model that explains CP violation. CP violation is needed to explain the fact that our universe is mostly made of matter and not antimatter. 

· It is experimentally known that charge-parity symmetry is not conserved, referred to as CP violation, in the weak interaction of quarks. It has been observed in the decays of both neutral K mesons, which contain a strange quark combined with an up or down quark, and neutral B mesons, which contain a bottom quark combined with an up or down quark.

· The first observation of CP violation by Val Fitch of Princeton University and James Cronin of the University of Chicago was done at Brookhaven National Laboratory in 1964 and resulted in a Nobel Prize.  

· The Standard Model of particle physics can explain CP violation and testing that explanation is the goal of the B-Factory at SLAC. The first test is the observation of CP violation in B mesons, and it has been observed by both the BaBar Collaboration working at SLAC and the Belle Collaboration working in Japan. 

· A crucial further test is whether the Standard Model explanation of CP violation works for both K mesons and B mesons. The B-Factories will measure the latter, and new experiments involving K mesons are needed to test the former. 

· CKM is one of two experiments that will measure CP violation in the K meson system in a way that can be directly compared to B-Factory measurements. 

· CKM is also sensitive to other very rare decays at the level of 1 part on 1010 that might be caused by new, not yet known, physical effects.

· CKM uses a new high-purity kaon beam being designed at Fermilab to make kaons from the Main Injector accelerator. 

PROJECT TITLE : LHC Detector Upgrade

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:

· The Higgs boson is a crucial missing piece of the puzzle underlying the interactions of quarks and leptons. While the Standard Model predicts its existence, the mass of the Higgs boson is not known. 

· If the Higgs boson has not been found at Tevatron or the currently planned LHC program, the current Standard Model of particle physics will be ruled out. The search for the Higgs, or whatever takes its place in a new theory, will continue with upgraded LHC facilities. 

· Other areas with great discovery potential at upgraded LHC facilities are the search for supersymmetric particles, the hypothetical heavier “twins” of all known elementary particles, and the search for evidence of extra space-time dimensions that are hidden in everyday life. 

· To extend the physics reach of the LHC and capitalize on our investment in a forefront scientific facility the most straightforward path is to enhance the accelerator luminosity by a factor of ~10. (see LHC Accelerator Upgrade I)

· “Luminosity” is a property of a colliding-beam accelerator which measures the rate at which a given physics process will occur. To fully exploit the physics of any particle accelerator the scientific community seeks to increase the luminosity and hence the rate at which interesting data is accumulated.

· If the LHC luminosity is increased, the large detectors will need upgrades to cope with the increased data rate and the increased radiation in the beam interaction regions. 

· U.S. has been participating in the design, construction, operation, and scientific and research program of the LHC accelerator and two very large detectors (ATLAS and CMS) since 1995. Continuing participation in this LHC upgrade program will result in maximizing the potential for major discoveries by utilizing existing international facilities at the energy frontiers. 

Note:  The international collaborations which are building the ATLAS and CMS detectors for the LHC have made preliminary estimates of the cost of detector upgrades in the scenario where LHC luminosity is increased by a factor of ~10. There is no commitment to what role the US might take in these hypothetical detector upgrades for the LHC. The estimate here assumes U.S. contributions commensurate to what has been provided for the initial detector configurations).  
PROJECT TITLE:
BTeV

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:

· BTeV is an experiment to extend and perhaps complete the study of CP violation, and to further test the Standard Model of particle physics through rare decays. CP violation is needed to explain the fact that our universe is mostly made of matter and not antimatter. 

· BTeV utilizes the large production of bottom quarks in proton-antiproton collisions at Fermilab’s Tevatron to obtain vary large samples of B mesons, Bs mesons and bottom baryons.

· BTeV is now feasible due to technological breakthroughs in silicon pixel detectors, distributed computing, and pattern recognition algorithms that allow the extraction of a signal for very rare processes, including CP violating ones, against a large background of less interesting processes. 

· It is experimentally known that charge-parity (CP) symmetry is not conserved, referred to as CP violation, in the weak interaction of quarks. It has been observed in the decays of both neutral K mesons, which contain a strange quark combined with an up or down quark, and neutral B mesons, which contain a bottom quark combined with an up or down quark.

· The first observation of CP violation by Val Fitch of Princeton University and James Cronin of the University of Chicago was done at Brookhaven National Laboratory in 1964 and resulted in a Nobel Prize.  

· The Standard Model of particle physics can explain CP violation and testing that explanation is the goal of the B-Factory at SLAC. The first test is the observation of CP violation in B mesons, and it has been observed by both the BaBar Collaboration working at SLAC and the Belle Collaboration working in Japan. 

· Additional measurements are needed to fully test the Standard Model. Some of these will be done at the B-Factory in the next five or six years. However, it is highly likely that some measurements will remain to be done after that, since not all types of B mesons are produced at the B-Factory and some processes are too rare to be seen there. 

· CERN plans to build a less technologically advanced detector than BTeV at the LHC in order to study the same physics.

PROJECT TITLE: LHC Accelerator Upgrade I (10X Intensity)

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:

· The Higgs boson is a crucial missing piece of the puzzle underlying the interactions of quarks and leptons. While the Standard Model predicts its existence, the mass of the Higgs boson is not known. 

· If the Higgs boson has not been found at Tevatron or the currently planned LHC program, the current Standard Model of particle physics will be ruled out. The search for the Higgs, or whatever takes its place in a new theory, will continue with upgraded LHC facilities. 

· Other areas with great discovery potential at upgraded LHC facilities are the search for supersymmetric particles, the hypothetical heavier “twins” of all known elementary particles, and the search for evidence of extra space-time dimensions that are hidden in everyday life. 

· To extend the physics reach of the LHC and capitalize on our investment in a forefront scientific facility the most straightforward path is to enhance the accelerator luminosity by a factor of ~10.

· “Luminosity” is a property of a colliding-beam accelerator which measures the rate at which a given physics process will occur. To fully exploit the physics of any particle accelerator the scientific community seeks to increase the luminosity and hence the rate at which interesting data is accumulated.

· To increase the luminosity, larger clear bore diameters are required in a few magnets near the beam interaction region. At the same magnetic gradient as in the present machine this means higher magnetic fields at the windings.

· The present LHC machine pushes the limits of technology for niobium-titanium (Nb-Ti) based superconducting magnets. The Nb-Ti is operating near its critical field limit. Using this technology we can go no higher in magnetic field at the superconductor windings.

· Thus a LHC luminosity upgrade will require new technology: the development of inexpensive high field superconductors based on the brittle superconductor niobium tin (Nb3Sn).

· It will also require new techniques to control the much higher electromagnetic forces and limit the strain seen by the brittle superconductor.

· The required magnets will be engineered on current generic development projects. The LHC luminosity upgrade is synergistic with HEP’s long-range R&D efforts to develop production-quality high-field magnets for future accelerator applications. 

Note: We have had very preliminary discussions with CERN about what role the US might take in the hypothetical luminosity upgrade for the LHC, but no commitments have been made. The scenario shown here a plausible one based on these discussions but not the only one.  

PROJECT TITLE: LHC Accelerator Upgrade II (Energy Doubler)

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:

· Depending on the results from initial LHC data-taking, there may be a compelling physics case to increase the LHC energy by a factor of ~2. If there are new particles or phenomena just beyond the energy range of the LHC, their effects may be seen indirectly, but inconclusively, in LHC data.

· Increasing LHC luminosity (see LHC Accelerator Upgrade I) may or may not resolve indications of new physics, depending on the actual physics involved. 

· To double the beam energy that can be stored, over 1200 superconducting dipole magnets must be replaced by new magnets that are capable of maintaining twice the operating magnetic field strength of 8 Tesla.
· The U.S. is currently the world leader in very high field dipole magnet development.  Since these magnets will be very difficult to make, an R&D program extending over more than 10 years is envisioned.  

· In addition to basic magnet development, the program includes parallel development of ancillary technology that is crucial for operation of the magnets.  
· Our full participation, on equal terms with CERN, is assumed to continue through the construction and testing of a series of full-scale prototypes of the main dipoles.
Note: We have not had any serious discussions, either amongst ourselves in the US or with CERN, about what role we might take in the hypothetical energy upgrade for the LHC.  The scenario shown here is only one of a number of plausible ones.  

PROJECT TITLE : Super B-Factory

First Estimate :  ( $50M -$99M    ( $100M-499M    ( $500M-$1B     ( >$1B

SCIENTIFIC IMPORTANCE:

· The Super B-Factory is a major upgrade of an existing facility, the SLAC B-Factory, to further pursue the science of CP violation. CP violation is needed to explain the fact that our universe is mostly made of matter and not antimatter. 

· It is experimentally known that charge-parity (CP) symmetry is not conserved, referred to as CP violation, in the weak interaction of quarks. It has been observed in the decays of both neutral K mesons, which contain a strange quark combined with an up or down quark, and neutral B mesons, which contain a bottom quark combined with an up or down quark.

· The first observation of CP violation by Val Fitch of Princeton University and James Cronin of the University of Chicago was done at Brookhaven National Laboratory in 1964 and resulted in a Nobel Prize.  

· The Standard Model of particle physics can explain CP violation and testing that explanation is the goal of the B-Factory at SLAC. The first test is the observation of CP violation in B mesons, and it has been observed by both the BaBar Collaboration working at SLAC and the Belle Collaboration working in Japan. 

· Additional measurements are needed to fully test the Standard Model. Some of these will be done at the B-Factory in the next five or six years. However, it is highly likely that some measurements will remain to be done after that, since not all types of B mesons are produced at the B-Factory and some processes are too rare to be seen there. 

· To extend the physics reach of the B-Factory and capitalize on our investment in this world-leading facility,  this project would upgrade the accelerator and detector to reach a luminosity of 1036 cm-2s-1 , over 100 times its current level.

· “Luminosity” is a property of a colliding-beam accelerator which measures the rate at which a given physics process will occur. To fully exploit the physics of any particle accelerator the scientific community seeks to increase the luminosity and hence the rate at which interesting data is accumulated.

Note: We expect that SLAC management will not pursue this project unless the international Linear Collider effort is stalled or definitively rejected.
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