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	1. Name of U.S./Japan cooperation research program:

R&D for SuperKEKB and the next generation high luminosity colliders
2. Research brief:
The next generation of super-high luminosity colliders, including SuperKEKB, must take on the difficult challenge of stably colliding low-emittance, short-lifetime, high-current beams.  International collaboration in many areas of accelerator science and engineering is the most effective way to meet this challenge, as demonstrated by successes already achieved through such collaboration.  The scope of such collaboration will be increased from here, including the addition of SLAC, PNNL and Wayne State to tackle SuperKEKB-related issues.
3. Objectives and Expected progress in U.S./Japan cooperation program:
I) The development of key technologies needed for SuperKEKB, including:  1) Development of a low-emittance RF gun and laser photocathode;  2) R&D on low-emittance transport issues in the injector linac;  3) Study of the effects of Coherent Synchrotron Radiation (CSR) on bunches;  4) R&D on backgrounds in the IR and orbit feedback for luminosity tuning and preservation;  5) Beam collimator development;  6) Research on machine optics;  7) High-precision ring alignment; etc.
II) Development of the next generation of bunch-by-bunch feedback and related systems, including the control of harmful noise in the system.
III) Development of beam instrumentation for low-emittance nd colliding beams, in particular:  1)  High-speed, bunch-by-bunch x-ray beam diagnostics needed for measuring low-emittance beams and studying beam blow-up due to electron-cloud instabilities;  2) Large Angle Beamstrahlung Monitor for the direct diagnosis of size, shape and position mismatches of colliding beams.
 IV) Research into the mechanisms of and mitigation methods for electron-cloud instabilities.
V) Research on methods of achieving super-low emittances, and on the theory and numerical simulation of beam-beam effects associated with collisions.
 4. U.S. Contribution (Name of the Collaboration program in U.S., the budget and machine time, human resources, facilities to be utilized, etc.):  See following pages.

	  SLAC:  SLAC will contribute in the following areas:
Build SLAC LCLS RF gun Cu 1.5 cell structure with windows:  The development of a low-emittance high-charge-per-pulse RF gun is important for SuperKEKB and for FEL injectors in the future. The gun would produce a beam that can be injected directly into the low emittance storage ring of the HER for SuperKEKB without a damping ring. The task at SLAC would be to build a copper RF section with 1.5 RF cells and symmetrical RF feed lines. The design that will be used is similar to the one used for the LCLS injector at SLAC but with a different cathode material. The structure will be machined and brazed at SLAC and then vacuum tested and baked. The resulting unit would be shipped to the KEK laboratory where further assembly and testing would occur. The effort for this program is about one FTE-yr of technician machinist and assembly time and 50 k$ of materials and services.
Continuation of the Bunch-By-Bunch feedback electronics development:  The Instability Control and Beam feedback effort is a multi-year program. The program centers on technology development of high-speed signal processing techniques useful for instability control feedback, and accelerator measurements of beam motion in conjunction with feedback control.  In the last year the effort has expanded via increased LARP ( DOE LHC Accelerator Research Program) funding. The effort to investigate control of Ecloud and TMCI instabilities was focused on beam based excitation measurements, via the 4 GS/sec. Digital/Analog system from last year, in conjunction with power amplifier system to be installed spring 2011 in the SPS for machine measurements. Beam dynamics models, in conjunction with feedback models, are being developed to estimate the necessary bandwidth for the Ecloud/TMCI instability control. This program includes 2 sets of machine measurements at the CERN SPS, and is funded in total at roughly $500,000 per year. The near term goal is to develop a prototype processing system, with 4 Gs/sec. data rate, for testing at the SPS in 2012.
Efforts continue with a beam signal generator and beam receiver technology development. The important directions in this effort center on microwave beam signal processing receivers, as the noise floor and errors in these sub-systems limits the achievable gain, and the noise floor contributes to the damped beam equilibrium emittance. This effort will continue in 2011 with measurements of beam emittance vs. feedback properties at the Italian DAFNE facility.  Beam motion analysis techniques based on spectrogram and sliding window FFT techniques have been developed through the program and applied to quantify beam dynamics data.  There is synergy in this program with the ongoing SLAC/LBL LARP funded Ecloud feedback research and technology development for the SPS/LHC. The total effort includes 2 full-time Stanford Ph.D. students and roughly 1 Staff FTE.

	  SLAC: (cont.)

Design studies of the IR masking and shielding:  The design of the interaction region is very important for high luminosity colliders. There are many interaction region systems that all need to work in order for the collider to be successful. Two components of the interaction region are the masking of synchrotron radiation generated in the magnets in the interaction region and shielding of lost particles that are generated upstream but lost in the vacuum chamber near the detector. The studies proposed are to help design special masks, high Z coatings, and shielding for SuperKEKB that result from simulations. The effort for this task is 30k$ of physicist time for simulation and design.
Mechanical design of collimators:  The collimation of beam tails in high luminosity colliders is essential for reducing the backgrounds in the particle physics detector and for protecting the accelerator components. A collider like SuperKEKB will require several different collimators with different designs. One of the viable designs is related to the design of the tapered collimators that were used in the PEP-II collider. SLAC engineers have full knowledge of these collimators and are in a position to modify the design for use in SuperKEKB. The task at SLAC would be to work with the KEKB staff to specify what a collimator of this design needs to do. Then, design a prototype collimator that meets these requirements. This activity will require about three months of engineering effort at SLAC to modify the design and to simulate the engineering parameters including heating and stresses.
Accelerator physics covering beam-beam simulations and dynamic aperture calculations:  Beam dynamics in the SuperKEKB collider is very important and must be handled appropriately in order that the collider will operate correctly. The beam lifetime is one of the most important parameters and depends on the dynamic aperture of the optical lattice and the generating of beam tails. The beam-beam interaction is one of the largest generators of beam tails in a collider. The activity at SLAC would be to do beam-beam and dynamic aperture simulations and calculations to verify and extend the calculations done at KEKB for the new collider. This activity will require about 0.5 FTE-yrs of effort to complete.  



	Cornell University:  The CesrTA R&D program, which utilizes the Cornell Electron Storage Ring, has been approved for a 3-year operating extension through 2013.  The extended research program will continue its focus on electron cloud research, low emittance tuning studies and instrumentation development (particularly the development of a 2nd generation x-ray beam size monitor).  In addition, time will be provided for other beam dynamics studies of importance for low emittance rings including the fast ion instability and intra-beam scattering. During the 3-year extension, support of ~$5M US per year is being provided by the US National Science Foundation. Additional support will be available through the US DOE to continue experiments and integrate the results into the design of the International Linear Collider (ILC) damping rings.  The DOE support is expected to continue through the conclusion of the ILC technical design phase in 2012.  During 2011-2013, approximately 40 days of machine development time per year will be available for experimental studies. The experimental effort is being coordinated through the CesrTA Collaboration, which includes participants from a dozen accelerator laboratories and universities in Asia, Europe, and the US, in addition to the Cornell team. During the extended program, approximately 26 Cornell FTEs will be available to support the experimental, operations and ILC effort. The research effort will benefit significantly from the hardware and techniques that were implemented during the first 3 years of the program.  This includes a state of the art feedback system and beam instrumentation for ultra low emittance studies (particularly a precision BPM system and x-ray monitors capable of turn-by-turn measurements of multiple bunches in trains) as well as 4 dedicated experimental regions that can be utilized for studies of electron cloud build-up and mitigation as well as local ion studies. Low emittance correction and tuning techniques are in place that presently allow CESR to be operated with vertical emittances <10pm-rad. Simulations indicate that operating emittances of a few pm-rad should be attainable during the course of the program.



	  University of Hawaii:  Continued development of a high-speed readout system for x-ray monitoring and also beamstrahlung monitoring that is underway at the University of Hawaii. We request support for the commissioning and operation of a next generation fast measurement system that uses multi-GHz analog bandwidth, greater than Nyquist snapshot and continuous sampling transient waveform recording devices.  This continuous logging system is a powerful tool for turn-by-turn direct evaluation of beam size parameters. Based upon lessons learned from evaluation of the first three generations of readout system, a hundred+ channel system based on the STURM3/RITC2 ASICs, and incorporating compact RF amplifiers for readout of a multi-element array of individual x-ray detection, will be fabricated and commissioned. This will include a next-generation DAQ system for continued detector readout evolution at the Instrumentation Development Laboratory of the University of Hawaii. In parallel with operation of this next generation system, continued efforts toward the design and fabrication of dedicated, custom x-ray detectors prototype arrays will be performed. Support includes ASIC, PCB, firmware and field support of this high-performance, custom instrumentation.
Resources contributed by the University of Hawaii include the Instrumentation Development Lab (one faculty member, two full-time engineers, two postdocs, two graduate students, and part-time student help), plus regular beam time at the UH FEL x-ray facility, which is a 5 year funded project of the DNDO (Dept of Nuclear Detection Office of the US Department of Homeland Security) at $300k/year.


	  Wayne State University:  The Large Angle Beamstrahlung Monitor is a novel device to monitor the beam-beam interaction. The device can observe passively mismatched beams when one beam is offset, or unfocused, or tilted with respect to the other, and measure quantitatively how much optical correction is needed.  Objectives and Expected progress in U.S./Japan cooperation program for year 2011 are:
1) Finalization of optics box design

2) Finalization of signal software, needed to parametrize detector

sensitivity to specific beam-beam mismatches

3) Construction of first optics box (prototype)

4) Costruction of prototype optical line, test of alignment system

5) Design of electronics

Wayne State University has proposed funding of three graduate students (two devoted to LABM) and one postdoc to both the DoE and the NSF, starting in Summer 2011, for three years, approximately $800,000 total. The two students have been already active, supported by WSU funds, and they have already written part of the signal software. In summer 2011, they will complete the program. The software is needed to evaluate sensitivity to certain beam-beam mismatches, which in turn will determine the optimal sampling rate of the data. It is also needed to evaluate feasibility of a Test Run at DANE, Frascati, in 2013.

The design of the optics box and optical lines has advanced. One last issue is how to transport light from polarimeter to the spectrometer. A grating, and a prism plus optical fibers system are considered. Once a choice is made (optical fiber samples have been ordered), a first box will be built in the WSU Machine Shop.

The design of optical lines carrying light from Beam Pipe to Optics Box is complete. It includes parts that will allow in situ alignment. One prototype will be constructed this summer.

Calibration of spectral response and efficiency of all parts will be done at WSU during this year. For the type of precision that is sought, a 0.3% measurement of spectral distortions and efficiency of all optical components is needed. The two students have already built a testing facility in Summer 2010, which was used to test the first batch of PMTs, and which now will be used extensively. In the final device, about 160 parts need to be characterized.



	  Pacific Northwest National Laboratory:  PNNL has recently started working with University of Hawaii to develop a high-speed readout system for the beamstrahlung luminosity monitor. The beamstrahlung and x-ray monitor readout systems will use many common components.  PNNL will contribute to the development of the common command and control system for the beamstrahlung monitor as well as for the x-ray monitor, in collaboration with the University of Hawaii.  PNNL is a US DOE national laboratory, with a $1.1 billion per year research program, and 4,900 staff members. The detector development group that will contribute to the R&D for the next generation high luminosity colliders consists of 20 scientists and engineers within the Physical and Chemical Sciences Division of the National Security Directorate.


