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 19.d.
Background

The goal of the Run II Luminosity Upgrade Plan is to maximize the physics potential of the CDF and D-Zero experiments at Fermilab by maximizing the integrated luminosity. 
The upgrade program consists of the following five sub-projects:  

1. Protons on Target - increases antiproton production rates by increasing proton flux on the antiproton production target.
2. Antiproton Acceptance - increases the collection efficiency of the antiprotons produced from the target.
3. Antiproton Stacking & Cooling - improves the stacking rate and stack size for antiproton accumulation and the transfers between the Accumulator and the Recycler.
4. Tevatron Upgrades - upgrades the Tevatron for operation at high bunch intensities.
5. Vulnerability and Reliability Improvements - provide replacements and upgrades to systems whose failure would result in a significant loss in operating time.
It is anticipated that this program will be completed at the end of FY06 (the actual end date will depend on the schedule for annual shutdowns), with only operational studies and commissioning continuing in the first half of FY07.

1.  Protons on Target

19.d.
Background

The goal is to increase the antiproton production rate by doubling the proton intensity on the production target, along with upgrades to the target station to take full advantage of the increased incident proton flux. A technique called “slip stacking” (merging two batches of protons from the Booster) is used to increase the intensity of proton bunches on the antiproton production target. This requires synchronization (or cogging) between the Main Injector and Booster RF buckets.
For operations with the increased beam intensity, two upgrades have been developed to reduce damage to the antiproton target station:  the use of target materials that are more resilient to local heating caused by beam and sweeping of proton beam across the target to reduce local heating.  
A target design using new materials more robust against damage from the beam was brought into use in FY04. With the success of this new target, it is very likely that the sweeping system will not be needed. The upstream and downstream sweeping magnets were completed and stored, ready to install in the future if needed. 
Other upgrades in the Main Injector include the development of a new Beam Position Monitor BPM system to support all modes of operation with improved sensitivity over a large range of beam intensities, and a scheme to accelerate antiprotons at 2.5 MHz as an alternative to antiproton bunch coalescing. This is expected to reduce the longitudinal emittance of antiproton bunches injected into the Tevatron.
19.f. 
Accomplishments in FY05
The cogging system and the upgrade of the Main Injector RF system to provide beam loading compensation were completed. The slip stacking project was completed, with slip stacking commissioned into the operation of the accelerator complex. Performance tuning will continue as a normal part of operations.
All major components for the BPM system were procured, and specifications for software were developed.
Beam studies to develop 2.5 MHz acceleration continued using both protons and antiprotons in order to optimize beam-loading compensation and acceleration parameters.  The scheme for 2.5 MHz acceleration will be commissioned into operation if the present studies are successful.
19.g.1
Accomplishments Expected in FY06
The Main Injector BPM upgrade will be completed in FY06.  This will complete the Protons on Target subproject. 
2.  Antiproton Acceptance

19.d.
Background

In order to increase the acceptance for the antiprotons produced, the magnetic field gradient in the lithium lens downstream of the production target will be increased and the apertures and beam steering will be improved throughout the antiproton source complex. 
The lithium lens currently in use operates at a gradient of 750 Tesla/meter with good operational reliability and longevity.  A new design is in development to allow reliable operation at 1000 Tesla/meter, which will provide a 10-15% increase in the antiproton acceptance. 

19.f.
Accomplishments in FY05
Testing of a first prototype lens was very successful, and a second prototype lithium lens was built and tested. 
Several improvements were made for control of the beam position and in developing methods for mapping the limiting apertures using the beam. These include the addition of 20 more remote controlled stands for quadrupoles in the Debuncher ring and improved BPMs in the transfer lines. Studies on improved beam positioning using these new tools continued. Improvements to the aperture were made in the AP2 transfer line by replacing a beam-stop and in the AP2-Debuncher injection region where the injection septum was rebuilt. 
19.g.1.
Accomplishments Expected in FY06
With completion of the test program for the second prototype lithium lens, it is expected that further lens fabrication will use the new high gradient design. 
The aperture in the kicker magnet in the Debuncher extraction region, and aperture of the cooling system pickups in the Debuncher itself will be increased. It is expected that the ongoing beam-based aperture studies using the new beam control and instrumentation will continue to improve the effective aperture for the beam. 

3.  Antiproton stacking and cooling
19.d.
Background

This upgrade project encompasses stacking and cooling of antiprotons in both the antiproton source and the Recycler to achieve both a high stacking rate and very large stack sizes.  The stochastic cooling systems in the antiproton source will be upgraded to optimize the stacking rate, which requires that the stack itself be stored elsewhere. The Recycler ring will be upgraded with electron-cooling in order to accept antiprotons from the antiproton source, and cool very large stacks.  The frequency of transfer of antiprotons from the antiproton source to the Recycler will be increased to approximately once every half hour and the time required for each transfer will be reduced to approximately a few minutes.
19.f. 
Accomplishments in FY05
The stochastic cooling systems in the Debuncher and Accumulator rings were characterized and optimized. Preparations were made to test a reconfiguration of the stacktail system which will increase rate capability further once the Recycler electron cooling is commissioned. The design of the new 4-6 GHz band for the stacktail cooling system continued with beam testing of the pickup design. 
The electron cooling system, previously developed in a test facility, was installed in the Recycler, and the electron beam re-commissioned. Studies of electron cooling of antiprotons were carried out while the Recycler continued to support Tevatron operations with the standard stochastic cooling. 

New damper systems were designed for the Recycler to allow stable operation with very large stack sizes. 

Antiprotons are transferred from the antiproton source to the Recycler in regular operations. A series of upgrades continued to make these transfers more rapid and efficient, including improved ramp regulation on specific magnets, an improved BPM system in the transfer beamlines and the development of controls software. 
19.g.1.
Accomplishments Expected in FY06
It is expected that electron cooling of antiproton stacks will be commissioned into operations. As the new damper systems are commissioned, the stack size in the Recycler will be increased, as will the frequency of the transfers from the antiproton source to the Recycler. 
The stacktail reconfiguration will be tested and implemented if warranted by the progress with electron cooling. During a shutdown, half of the 2-4 GHz tanks will be replaced with new 4-6 GHz tanks to improve the system capability at high stacking rates. 

Commissioning of the BPM system in the antiproton transfer lines and the development of software to automate the transfers will be complete in FY06.
4.  Tevatron High Luminosity 

19.d.
Background 

Upgrades to the instrumentation in the Tevatron will provide improved capabilities for optimizing the tunes and orbits from injection to collisions. The major upgrades include a new BPM readout system with greatly improved resolution and sensitivity, an Ion Profile Monitor (IPM) to measure the two-dimensional beam profile at injection energies, and Optical Transition Radiation (OTR) monitors to measure profiles in the antiproton injection line. As the bunch intensities are increased, the luminosity lifetime will be reduced due to beam-beam effects. Two subprojects aim to reduce these effects. The first will provide increased helix separation by adding separators and by operating the separators at higher voltages to reduce long-range beam-beam effects. The second is an R&D project to develop active compensation for the beam-beam induced tune shifts.
19.f. 
Accomplishments in FY05
The BPM upgrade was completed with the installation of new electronics throughout the Tevatron and the development of software to support the transition from old to new systems, section by section. The IPM and OTR monitors were completed and installed in the Tevatron.
Polarity switches were installed on all separator power supplies to provide flexibility in manipulating the helices and to allow protons to be used to study the antiproton orbit. Two separators were added, and improved conditioning protocols were developed to allow the separators to operate at higher voltages. 

Upgrades to the first prototype electron lens, currently in use in the Tevatron, were tested and reviewed. A second improved lens was tested and prepared for installation.
Further improvements in alignment of the Tevatron were made, including realignment of the low-beta sections at the two collider experiments. Hydrostatic level meters were added to both of these sections to monitor motion of the low-beta quadrupoles. 
19.g.1.
Accomplishments Expected in FY06
Operational software improvements will be made to take full advantage of the improved capabilities of the new BPM system. The IPM and OTR monitors will be commissioned into operation.
One additional separator will be added and optimum conditioning and operating voltages will be determined. 

The second electron lens will be installed in the Tevatron, and tested, and the scheme for tune shift compensation will be developed. 
5.  Vulnerability and Reliability Improvements
19.d.
Background

A set of major vulnerabilities and reliability issues for operating the accelerator complex have been identified and prioritized. These include the acquisition of spare power amplifier tubes for the Linac, replacement of aging parts in several locations and the development of a new Beam Loss Monitor (BLM)-based abort system in the Tevatron. 

19.f. 
Accomplishments in FY05

Normal operations requires replacing about 6-10 amplifier tubes per year in the first stage of the Linac. Availability of spare tubes has been a concern for some time. Several visits to the vendor were made and an order placed for additional spare tubes. 

Replacement of aging components included the following: (1) replacement magnets for the ORBUMP system in the Booster were built and prepared for installation (the present magnet is a unique design and is deemed likely to fail in the near future), (2) most of the corroded magnet stands in the Tevatron were replaced with new stands. 

A new BLM system was designed for the abort system in the Tevatron. This system will provide more flexibility and precision in the logic of the abort system. New electronics were designed, fabricated and tested. 

19.g.1.
Accomplishments Expected in FY06
The new ORBUMP magnet will be installed, further spare power amplifier tubes will be purchased, and the new Tevatron abort system will be commissioned. 
Specific switchgear in substations supplying power to the accelerator complex was identified as a vulnerability, since replacements are not readily available and failure would result in significant downtime. If funds allow, spare components will be purchased.  

