Proton Source



19.d.	Background



The Proton Source Department is responsible for operational support, maintenance, and development of all the beams and accelerator systems of the Pre-accelerator, Linac, 400 MeV transport line, Booster, and upstream MI-8 line.  This includes RF power systems and accelerating structures (except Booster RF high power equipment), magnets and magnet power supplies, ion pump power supplies, and electrical systems and some supporting water systems.  Power RF vacuum tubes and klystrons for the Linac are the largest single-item normal operating expenses.  Major systems in the Proton Source machines are over thirty years old and near term programmatic demands call for average beam pulse repetition rates many times higher than historical high levels.  It will be necessary to replace or upgrade many subsystems to maintain operational reliability. 





19.f.	Accomplishments in FY04



The Proton Source performs as required in support of Collider Run II operations, Recycler commissioning, Main Injector, and Antiproton machine studies, Radiation Damage Facility users, and Neutron Therapy Facility operations.  The demands of the MiniBooNE experiment continue to push the number of protons we deliver over the course of a day, thereby placing greater demands on power equipment pulse rates and on beam acceleration and transport efficiencies.  Specifically, the Proton Source had extended periods of 5 Hz operation this year – much higher than ever achieved before.  In addition, preparations are being made for the start of NuMI operation in January 2005.  Linac and Booster operated for over ten months of the year with only one extended shutdown in the summer of 2004.



The availability of `7835` power amplifier tubes remained a concern in the Linac, but the yield of the Burle, Inc. production line improved, and the stock of spares is considered adequate for the present.



An additional concern arose over the klystron tubes in the high energy Linac when it was discovered that a large number of supposed spares in fact suffered from a catastrophic vacuum problem.  The root cause was identified by the L3 corporation and a fix was found, so that we believe rebuilt tubes will not suffer from this problem in the future.



The effort on Linac instrumentation was increased, allowing better understanding and increased reliability.  In addition better regulation was installed for the filament current supplies of the `7835` tubes.  The low level RF system of the high energy Linac was upgraded.



After the installation of the Lambertson magnet in FY03, great progress was made in the understanding and operation of the 400 MeV line, which transports beam from the Linac to the Booster.  In particular, the line now has an accurate optical model, an automated steering application, and a magnet turn-on sequencer to ameliorate hysteresis problems.



The reduction and control of beam losses remained the highest priority issue for Booster operations.  Tuning continued to take advantage of lattice improvements made during the shutdown completed in early FY04.  The commissioning of controls to ramp Booster correction dipoles was completed.  The booster collimation system was commissioned, controlling losses and enabling higher total proton rates.



Throughout the year, work was done to improve the alignment of the Booster magnets.  These efforts resulted in increased aperture, better high-field orbits, and reduced losses.  The work was made possible by a close collaboration between the Proton Source Department and the Alignment and Metrology Group (AMG) of the Particle Physics Division.



A radial position feedback to address multibatch time issues with the Main Injector (beam cogging) was devised, allowing high intensity multi-batch operation for antiproton production and as preparation for NuMI.



Other work in the year focused on preparation for the work to be done in the Summer 2004 shutdown.  The dump line extraction region was modified to complete lattice improvements that were begun in the summer 03 shutdown.  In addition, replacements for both the injection bump (ORBUMP) magnets and power supplies were designed and built. This addresses both reliability and performance concerns.





19.g.1.	Accomplishments Expected in FY05



The Proton Source is expected to operate for all of FY05 to deliver beam for Collider Run II and to begin to run NuMI in January 2005.  MiniBooNE will run until at least the turn-on of NuMI, by which time it is expected that a total of 5 x 1020 protons will have been delivered.  It may be desirable for MiniBooNE operation to continue until a total of 1021 protons are delivered.  These goals will require a reduction in beam loss of at least 2.5 over current levels, and a repetition rate of roughly 7.5 Hz.



Effort will be applied to increase the inventory of spare ‘7835’ type Linac 200-MHz power amplifier tubes.  Efforts to replace the Low Energy Linac pulsed quadrupole power supplies will commence; these approximately 100 supplies are very old and contain a significant fraction of the total volume of PCB capacitors at Fermilab.



Work will be directed to upgrade several secondary systems in the Linac.  The Haefley power supplies on the Cockcroft-Walton pre-accelerator have never been properly regulated and this will be remedied with the purchase of commercial, well-regulated supplies.  Also, the low level RF system of the low energy Linac should be upgraded if the existing Proton Source is expected to last for a significant period.



Based on our results with the prototype Booster cavities, a decision will be taken on a complete replacement of the Booster RF system.  The plan would avail itself of resources from the universities involved in MiniBooNE and NuMI.  Regardless of the decision on the cavities themselves, it will be cost effective to replace the Booster RF power supplies, with modern, solid state versions.  These have been tested and shown to require much less maintenance.



To control prompt radiation levels in the Booster buildings and grounds, to limit residual radiation levels in the tunnel, and to avoid serious radiation damage of accelerator components due to the increased proton throughput, beam loss issues will be addressed at the highest priority.  





19.g.2.	Future Accomplishments Expected in FY06 and Beyond



To run the 8 GeV (MiniBooNE) line along with NuMI and the Collider, Booster beam repetition rates greater than 8 Hz may be required.  All power equipment upgrades, including the ORBMP power supply, ORBMP magnets, extraction septa systems, and RF systems necessary to support this pulse rate will need to be completed, installed, and commissioned.  Booster RF cavity and power system upgrade/replacement program will be moving from fabrication, assembly, and testing phases to installation and commissioning phase. 



Longer term, plans will be developed to allow a replacement of the existing 200 MHz RF system which may well not be maintainable beyond FY08 for two reasons.  The system is expected to exhaust its stock of `switch tubes’ and confidence in the continued production of the power tubes by Burle Inc. is not high.  If the U.S. Armed Forces were to replace their demand for its sister tube (the 4616) by switching to a solid-state alternative, it is likely that Burle Inc. would drop manufacture of the ‘7835’ tube as well. 



These considerations lead us to plan for a complete replacement of the low energy portion of the Linac, either as part of a larger project or as a stand-alone project.  This replacement would include the replacement of the Cockcroft-Walton accelerator and the obsolete Linac RF systems with a 400 MHz system capable of being driven by a klystron-based power source.
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