Accelerator Luminosity Upgrades for Run II – WHAT ABOUT RELIABILITY?????


 19.d.	Background





The goal of the Run II Luminosity Upgrade Plan is to maximize the physics potential of the CDF and DZero experiments at Fermilab by delivering high-integrated luminosities through a program of upgrades to the accelerator complex.  The upgrades are designed to deliver increasing luminosity in the short-term, while implementing and commissioning a program of upgrades to the accelerator complex to provide significant increases in the future. The upgrade tasks are appropriately integrated with near-term operational planning, and with the plans for maintenance and increased reliability. 





The central strategy for the Run II luminosity upgrade is to produce, transport, cool and store more antiprotons and use them efficiently in collider stores in the Tevatron.  The upgrade program consists of the following four sub-projects:  





Protons on (antiproton production) target increases antiproton production rates by increasing proton flux on the antiproton production target





Antiproton Acceptance increases the collection efficiency of produced antiprotons and increase the aperture in the transfer beamline (AP2) and the Debuncher





Antiproton Stacking & Cooling improves the stacking rate and stack size for antiprotons and the transfers between the Accumulator and the Recycler, so that more antiprotons can be accumulated (stacked) 





Tevatron Upgrades upgrades the Tevatron for operation at higher bunch intensities





The upgrades are staged in five phases from FY04 through FY07, the start of each phase being associated with the completion of a major element of the upgrade plan.








Protons on Target


19.d.	Background





The primary goal of this branch of the project is to double the antiproton production rate by doubling the proton intensity on the production target and to make necessary upgrades to the target station to take full advantage of the increased incident proton flux.  Other upgrades in the Main Injector that are aimed at improving the Main Injector performance are also included under this WBS.





Slip stacking 


19.d.	Background





The doubling of proton intensity for antiproton production is to be accomplished by a technique called “slip stacking” which merges two batches of protons from the Booster.  








19.f. 	Accomplishments in FY04





Slip stacking has been demonstrated up-to total intensities of 6 x 1012 protons and the stacked proton beam has been accelerated to 120 GeV in the Main Injector with 93% efficiency.





The design of hardware needed for beam loading compensation necessary for this project was completed and procurement was begun.








19.g.1.	Accomplishments Expected in FY05





The design goal is to reach proton intensities of 8 x 1012 protons on the antiproton production target with bunch length less than 1.5 nsec and transverse emittance less than 25 ( mm-mrad.  Despite the large intensities that have been achieved so far, for slip stacking to be useful, it is necessary to minimize the longitudinal emittance growth that is now seen from recapture to flattop.  Beam studies aimed at achieving smaller longitudinal emittance both during recapture and acceleration will continue.  Upgrades to the Main Injector RF system that enable compensation of beam-loading effects will be completed, and slip stacking will be brought into operation. 





Booster-MI Cogging 


19.d.	Background





In order to transfer two Booster batches sequentially for slip stacking in the Main Injector, the Booster and the Main Injector have to be synchronized and their RF buckets properly aligned.  





19.f.	Accomplishments in FY04





Cogging was shown to work in the Booster with the resolution of a couple of buckets.  








19.g.1.	Accomplishments Expected in FY05





Work will continue to improve the cogging resolution to within a bucket.  Booster to Main Injector multi-batch transfers with cogging will be tested and implemented in regular operations. 





Main Injector Beam Position Monitors (BPMs)


19.d.	Background





The present BPM system in the Main Injector can only measure the beam position for 53 MHz operation and this requires at least 20 consecutive buckets to be populated.  As a result, it cannot provide position information for the coalesced 2.5 MHz beam that is routinely used for Run II operation.  The system, moreover, cannot support the various modes of the Main Injector operation in a super-cycle of the accelerator complex.  Due to the buffer limitation in the present system, data from one acceleration cycle is overwritten by the subsequent beam acceleration cycle.  This requires that extra time be spent in tuning of the machine.  The proposed new BPM system will operate in multi-frequency mode, will have multiple data buffers, and will be sensitive over a larger intensity range.  








19.f.	Accomplishments in FY04





A set of performance requirements for the upgraded BPM system was developed and a technical review of the same was held.  The requirements were approved by the review committee.








19.g.1.	Accomplishments Expected in FY05





The Main Injector BPM upgrade is expected to start in the later part of FY04 and installation will continue.





Target Station and Beam-Sweeping 


19.d.	Background





Two upgrades are intended to reduce damage to the antiproton target station with the increased proton flux delivered by slip stacking.  They are: (1) the use of target materials that are more resilient to local heating caused by beam and (2) sweeping of proton beam across the target to reduce local heating.  





19.f.	Accomplishments in FY04





Stainless Steel 304 target with graphite skin was identified as having excellent longevity and superior resiliency than the previously used targets.  The new target is in use for antiproton production.  The beam-sweeping system has been partly commissioned.





19.g.1.	Accomplishments Expected in FY05





Testing and commissioning of the beam-sweeping system will be completed and the system made operational in FY05. 








2.5 Mhz Acceleration of Antiprotons in the Main Injector 


19.d.	Background





The idea of 2.5 MHz acceleration through transition in the Main Injector followed by a bunch rotation at a front porch at 27 GeV was proposed in the Recycler Technical Design Report as an alternative scheme for antiproton coalescing.  This scheme is expected to reduce the longitudinal emittance increase to the order of 50% or less compared with the 100-140% increase with the current method of antiproton coalescing.  This scheme could yield significant improvements in Run II operations. In particular, reduced longitudinal emittance would result in a longer 150 GeV lifetime in the Tevatron.  The antiproton beam size at injection into the Tevatron would be reduced, and transverse emittance dilution in the Tevatron is also likely to be reduced.  This mode of operating will be particularly useful when antiproton shots to the Tevatron come from the Recycler, starting late FY05.  








19.f.	Accomplishments in FY04





A technical review was held at the end of FY03, to evaluate the project status, to understand the project scope and to prioritize accordingly.  Since the time of the review, final specifications for the 2.5/53 MHz beam-loading compensation have been completed.  As of March 2004, protons have been successfully accelerated to 150 GeV with the 2.5 MHz scheme with 85% efficiency.  





19.g.1.	Accomplishments Expected in FY05





Beam studies aimed at commissioning the required beam-loading compensation and optimization of the acceleration parameters will be completed and the system brought into operation. 





�
Antiproton Acceptance


19.d.	Background





It is important to transport, stack and store the antiprotons produced on the antiproton target efficiently.  This project is aimed at increasing the acceptance of antiprotons and focuses on the elements that are immediately downstream of the production target - the lithium collection lens, the AP2 beamline and the Debuncher ring. 





The Lithium Lens


19.d.	Background





The lithium lens is the first component downstream of the production target and has significant impact on the acceptance of the antiproton source.  The number of antiprotons collected at the upstream end of the AP2 beamline increases with the magnetic field gradient at which the lens is operated.  The lens currently in use was originally designed for operation at a gradient of 1000 T/m, but is operated at 750 T/m to increase its operational reliability and longevity.  Operating at the higher design gradient is expected to provide 10-15% increase in the antiproton acceptance. It is planned, therefore, to build new lenses with better design and operate at higher magnetic gradient.








19.f.	Accomplishments in FY04





A new improved design was developed based on much improved mechanical and thermal modeling and the technology of diffusion bonding.  The first prototype lens using diffusion-bonded Titanium body was built and tested.  








19.g.1.	Accomplishments Expected in FY05





High gradient tests of the lens will continue.  A new prototype lens will be built and tested. New lenses with the new design are expected to be fabricated beginning in FY05. 





�
AP2 and Debuncher Acceptance 


19.d.	Background





The AP2 beamline transports the antiprotons from the target and lithium lens to the Debuncher ring.  The goal of this subproject is to locate the limiting apertures and eliminate them through realignment, relocation, improvements in beam steering, or by rebuilding components.  








19.f.	Accomplishments in FY04





The procedures to identify aperture limitations include (a) analyzing existing documentation, (b) performing optical survey and alignment, and (c) developing and using beam-based alignment procedures. Compilation of documents and drawings is nearly complete.  Extensive optical survey of the elements was conducted during the early FY04 shutdown and the data are being analyzed.  Procedures were developed for beam-based aperture scans and measurement of the admittance.  One of the RF cavities (DRF3) in the Debuncher, recognized as a limiting aperture, was moved from a high dispersion location to a zero dispersion location.  The aperture in the Debuncher improved by 12% in the horizontal plane and 4% in the vertical plane since the relocation, which is considered as due to a combination of the cavity move and machine/orbit tuning.   





In order to help improve local orbit control in the Debuncher, motorized stands were installed for ten quadrupoles during the early FY04 shutdown.








19.g.1.	Accomplishments Expected in FY05





Tools to perform beam-based alignment will be refined.   Motorized stands for twenty more quadrupole magnets will be installed in the Debuncher.  Beam position monitors and the associated software will be completely commissioned to provide useful data during studies and operations. 





�
Antiproton stacking and cooling


19.d.	Background





This branch of the upgrade project encompasses stacking and cooling of antiprotons both in the antiproton source and the Recycler.  The stochastic cooling systems in the Debuncher and the Accumulator rings are being upgraded to achieve more than three times the current peak stacking rate.  To maintain such high rates for several hours and build up very large stacks of antiprotons, small stacks are to be accumulated and transferred periodically from the Accumulator to the Recycler - where a large stack will be accumulated until used in a collider shot.  The Recycler will use stochastic cooling to cool each incoming stack and electron cooling to cool the large accumulated stack.








 Debuncher cooling


19.d.	Background





The Debuncher system will be improved by lowering the initial (zero) stacking cycle time to about 1.7 seconds from the present 2.4 seconds.  This can be accomplished by reducing the Debuncher momentum cooling notch filter dispersion by 33%.  (The cycle will be increased to 2.0 seconds when the Main Injector supports slip stacking and NuMI operation.)  








19.f.  	Accomplishments in FY04





A 42% reduction in the cooling time (~0.79 sec to ~0.46 sec) and a 18% reduction in the 95% asymptotic width has been observed due to improvements made over the past year.  At two seconds (target time for transfer in the Run II upgrade plan), the 95% width is 7 MeV/c, close to the Run II goal of 6 MeV/c.  Bulk Acoustic Wave filters were implemented in the Debuncher.





19.g.1.	Accomplishments Expected in FY05





This project will be completed with the reduction of the Debuncher asymptotic momentum spread to below 6 MeV.  The next iteration of improvements with optical notch filters, which are a factor of 3-4 better than the Bulk Acoustic Wave filters now used, is aimed at reaching the goal.


Stacktail Cooling System Upgrade


19.d.	Background





With the integration of the Recycler into operations, the accumulator momentum cooling system will be upgraded, allowing the present 2-4 GHz stacktail cooling system to be optimized for higher flux and smaller core intensity.





19.f. 	Accomplishments in FY04





The present stacktail cooling system was characterized in order to be able to benchmark calculations for the upgrade design.  A conceptual design was completed for the stochastic cooling system upgrade to support a peak-stacking rate of 45 mA/hour.  The major component of this design is the addition of a new 4-6 GHz band to the stacktail cooling system.  Long lead-time items, such as the Traveling Wave Tubes and their power supplies, were ordered.





19.g.1.	Accomplishments Expected in FY05





Half of the 2-4 GHz tanks will be replaced with new 4-6 GHz tanks in the stacktail cooling system to significantly improve the system capability at high stacking rates. 





Recycler Stacking and Cooling  


19.d.	Background





The Recycler plays a key role in the upgraded Run II, as a repository for large stacks of antiprotons.  In order to maximize the stacking efficiency of the antiproton accumulator, small stacks of antiprotons (typically 20 x 1010) are to be transferred to the Recycler frequently. Each newly transferred stack will be cooled by a gated stochastic cooling system before being merged into the main stack in the Recycler.  The Recycler stack of antiprotons will be used for collider operation in the Tevatron.  





�
19.f. 	Accomplishments in FY04





The commissioning of the Recycler is well underway.  Performance criteria were developed, reviewed and approved.  Some of the performance criteria have already been met.  A new operational milestone of using the antiprotons from the Recycler in a collider store for high-energy physics was reached on January 23, 2004. 








19.g.1.	Accomplishments Expected in FY05





Recycler commissioning will continue with the addition of electron cooling, and the Recycler with electron cooling will then be integrated into collider operations.  If operating scenarios where the Recycler can be used to improve integrated luminosity are identified, it will be used in that fashion before electron cooling is commissioned.  





Electron Cooling  


19.d.	Background 





The implementation of electron cooling will allow very large antiproton stacks accumulated in the Recycler Ring to be transferred to the Tevatron with small longitudinal emittance.








19.f.	Accomplishments in FY04





 The initial phase of the project is well advanced.  This includes an R&D program at the Wide Band Laboratory for the development of a system to produce an electron beam with the specific characteristics required.  The R&D project is on schedule.  A milestone of 500 mA beam current was achieved on Dec 30, 2003.  The construction of a building in MI 31 for housing the Pelletron was completed and the electron cooling system moved to the Main Injector. 








19.g.1.	Accomplishments Expected in FY05





The electron cooling system will be commissioned in the Recycler to begin cooling the antiproton beam by summer of 2005.  


Rapid Transfers 


19.d.	Background 





Once electron cooling is implemented in the Recycler, and the Accumulator Upgrade has been completed, it will be necessary to transfer a partial-stack of antiprotons from the Accumulator to the Recycler every half hour or so.  A transfer time of less than one minute (during which stacking in the antiproton source is interrupted) is to be achieved by automating the transfer process.  This will require upgrades to the beam line instrumentation, improvements to the power supply regulation, and feedback from the Main Injector damper system and appropriate controls software.








19.f. 	Accomplishments in FY04





At present, small stacks are transferred from the Accumulator to the Recycler periodically to support commissioning of the Recycler Ring.  The transfers require manual tune-up of the transfer beam lines and typically interrupt stacking for about one hour.  Progress was made in Recycler procedures of the rapid transfer scenario.








19.g.1.	Accomplishments Expected in FY05





Progress is expected to be made on all fronts to help commission rapid transfers in FY05.





Tevatron High Luminosity 


19.d.	Background 





The first three branches of the upgrade plan will result in a significant increase in antiproton bunch intensities injected into the Tevatron. In addition, we intend a modest increase in proton bunch intensity.  The fourth branch includes upgrades to the Tevatron itself to optimize performance with these increased intensities. 





Tevatron Electron Lens  (Active Beam-Beam Compensation)


19.d.	Background 





The use of an electron lens with beam aligned on the antiproton beam to provide bunch-by-bunch tune correction is being investigated to alleviate damaging effects of beam-beam interactions.  Such compensation schemes may well be important for high intensity operations. 








19.f. 	Accomplishments in FY04





An electron lens was installed in the Tevatron in FY01 with the intent of testing its use for beam-beam compensation.  However, it has been primarily used as an abort gap cleaner.  Preliminary beam studies carried out last year have yielded promising results for bunch-by-bunch tune corrections.  The construction of a second Tevatron electron lens was begun.  








19.g.1.	Accomplishments Expected in FY05





The second electron lens will be installed in the Tevatron.  Instrumentation for tune and position measurements will be improved to help commission and use the electron lens for active beam-beam compensation.





Tevatron Helix Upgrade  (Passive Beam-Beam Compensation)





19.d.	Background 





Long-range beam-beam interactions between the proton and antiproton bunch can lead to significant tune shifts.  In general these tune shifts decrease as the second power of the orbit separation, so an increase in this separation can significantly reduce the beam-beam effects. The plan is to improve the orbits and helix separation in a series of steps, including optimization of the present system, the installation of polarity switches to allow more flexibility and upgrades to the separator system.  Two upgrades are being pursued - an upgrade to the existing separators to allow operation at higher voltages and adding new separators.





19.f. 	Accomplishments in FY04


A technical review evaluated the current status of helix operations in the Tevatron and proposals to improve the helix scheme with the existing separators and with additional separators. The committee recommended addition of polarity switches, to explore more helix schemes to optimize separation and to add some new separators. As a result, new polarity switches were fabricated and installed in FY04. Also, new helix schemes were developed and implemented in the Tevatron. 








19.g.1.	Accomplishments Expected in FY05





Based on the review recommendations, six additional separators of the present design will be installed.  These separators are expected to provide 20% more separation of the proton and antiproton helices than present in the arcs and 10% more separation in the first parasitic crossings near the interaction regions.  Operation of the existing and additional separators at higher voltages will be explored to provide additional increase in separation. An option to build four shorter separators which would provide ~14-17% increase in separation has been included in the project plan.  This option will be exercised depending on the outcome of the voltage studies for the existing separators. 





Tevatron Instrumentation Upgrade 





19.d.	Background 





In order to improve the controls & diagnostics in the Tevatron, several tasks have been identified in the upgrade plan, the major ones being the Beam Position Monitor (BPM) system upgrade and addition of a new Ionization Profile Monitor (IPM).





19.f.	Accomplishments in FY04





A joint Accelerator and Computing Division team was formed in August 2003 to design and implement the Tevatron Beam Position Monitor (BPM) upgrade.  The project team had successful reviews of the requirements document and the technology choices for BPM signal processing.  The requirements, updated based on the recommendations from a preliminary review in June 2003 and the DOE review in July 2003, were reviewed and approved in September 2003 to proceed to the design phase.  A review of the technology choice for signal processing was conducted in December 2003.  A prototype system was tested in the Tevatron and demonstrated a significant improvement in resolution over the present system.  The electronics boards were ordered for the new system, and the necessary software developed. 





The goal of the Tevatron IPM project is to be able to measure injection mismatch and emittance evolution on the ramp. Following a technical review, the design was completed and the IPM fabrication was started.  Commissioning will occur in FY05. 





19.g.1.	Accomplishments Expected in FY05





The BPM project will be complete in FY05  





The IPM commissioning is also expected to be completed in FY05.





Tevatron   Alignment


19.d.	Background 





Prior to the FY03 shutdown, the Tevatron Task Force studied the strong steering corrections, and transverse couplings observed in the Tevatron.  These studies combined with new measurements of magnet positions and measurements regarding the internal movement of dipole cryostats indicated that improved machine performance based on improved apertures, a reduction in corrector currents, and better control of transverse coupling, required a significant effort on magnet alignment.  A proposal to implement corrective action for these problems was developed.








19.f.	Accomplishments in FY04





The proposal for a major effort on alignment in the Tevatron was subjected to a series of reviews that provided a plan for the alignment work during the shutdown that finished in early FY04.





The work consisted of many parts: a new alignment network (TevNet) was implemented in the Tevatron to improve alignment precision and to simplify the process of alignment, dipole cryostats were re-shimmed within the magnets to correct for cryostat movement, “rolled” magnets were unrolled to reduce corrector magnet currents, deteriorated dipole magnet stands were replaced to improve our ability to align magnets, and real-time motion sensors were installed on Tevatron components to monitor magnet movement remotely.  In addition, the Tevatron Department took on the task of correcting two long-standing problems at the Interaction Regions (IRs):  A correction of about 6 mm misalignment of the low beta quads at DZero, and a vertical displacement of the CDF interaction point by about 4.5 mm. 





This effort included physicists and technicians from the Accelerator, Computing, Particle Physics and Technical Divisions.  CDF and DZero experimenters were involved in measuring all magnet rolls, and an alignment crew from Stanford Linear Accelerator Center (SLAC) participated in the survey effort.  As a result of this work, the Tevatron saw significant improvement in operations.  The correctors are running at lower currents, orbits are smoother at all stages, and couplings are smaller than before the shutdown.  The Tevatron set a new luminosity record of 68 x 1030 cm-2 sec-1 in the post-shutdown operations. 








19.g.1.	Accomplishments Expected in FY05





This alignment work will be continued during future shutdowns, although the efforts are expected to be less than was necessary in FY04. 
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