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Current Accelerator R&D

Lithium Lens





19.d.
Background
The upgraded lithium lens design, utilizing diffusion bonding technology, is aimed at producing antiproton collection lenses that can operate at higher currents to generate a higher magnetic field, resulting in improved collection of the antiprotons produced in the target. Related improvements to quality control in the assembly process, filling with liquid lithium, and lithium handling should help extend the lifetime of lithium lenses.

19.f. 
Accomplishments in FY05 
The first unit of the Prototype Lens #2 design was built and tested. High gradient testing required the completion and testing of a new power supply, originally intended for a liquid lithium lens. The first new transformer with internal water cooling was built and tested with the first Prototype #2 lens. Construction of a second such transformer began. Lithium bellows casting became routine and was subsequently used for all lens fills. Welded (conventional) lenses #32, #31, and an 8mm lens were completed.

19.g.1.
Accomplishments Expected in FY06 
After extensive testing, the first Prototype #2 lens will be put into service to quantify pbar yield improvements with the increased magnetic field. The second Prototype Lens #2, fabricated with a different titanium alloy that has higher tensile strength, is expected to be completed. This lens will likely be considered an operational spare, to be used when the first Prototype #2 lens has completed its service life. A second generation set of Prototype #2 lenses will be diffusion bonded for eventual use as spares. Operational experience may indicate the need for design changes, which could be incorporated into the second generation lenses.

19.g.2.
Future Accomplishments Expected in FY07 and Beyond
The Prototype #2 lens is expected to be the operational lens in FY07, shifting funding of the lenses to the Pbar Target Station operating budget. The priority will be to build up the spare pool of these lenses so that there will be enough to operate through the rest of Run II. Spare lens production will likely continue after FY07 as the rate of consumption may be equal to the rate of construction. 

Main Injector Slip Stacking

19.d.
Background

The aim of slip-stacking R&D is to develop the RF and damping techniques to merge two Booster batches in the Main Injector and thus increase the intensity of the beam on the antiproton production target.

19.f. 
Accomplishments in FY05
Slip Stacking became operational in FY05. All the additional solid state amplifiers needed for beam loading compensation have been received and installed. Intensities of 6.5-6.7 x 1012 protons per pulse on the pbar target are routinely achieved and the maximum antiproton stacking rate has increased by 15%-18%. Slip stacking is the main reason that we can support “combined shots” (antiprotons from both the Accumulator and Recycler) mode of operation.

The regular antiproton stacking cycle was replaced with a NuMI/Stacking mixed mode cycle in which two Booster batches are slip-stacked for antiproton production and five Booster batches are used for NuMI. Efforts to minimize beam losses in Main Injector and further increase the intensity on the pbar target continue.

19.g.1. 
Accomplishments Expected in FY06
Slip stacking for pbar stacking is expected to operate at design intensities of 8 x 1012 protons per pulse.  In addition, we will study the possibility of slip stacking some (up to four) of the NuMI batches in order to further increase the proton beam intensity to the NuMI target.

19.g.2.
Future Accomplishments Expected in FY07 and Beyond

Depending on the operational needs and the timescale for additional RF power for the Main Injector, we may have some slip-stacking for NuMI as early as FY07.

Beam-Beam Tuneshift Compensation



19.d.
Background
The mission of the R&D project of Beam-Beam Compensation (BBC) with an electron beam is to install two “electron lenses” in the Tevatron collider, to investigate their effect on the antiproton-beam dynamics, and to study their potential for increasing the collider luminosity by compensating some of the tune shift that the antiproton beam experiences while passing through the proton beam at the interaction points.  Linear BBC may lead to approximately 5-10% luminosity increase; non-linear compensation may lead to an additional 10-20% increase.  

The first TEL (TEL = Tevatron Electron Lens) was installed in March, 2001, and, since then, used for Tevatron studies. All specifications for the electron beam were met during 2002-03.  The first indication of successful operation of the TEL for Beam-Beam Compensation in an actual HEP store took place in May, 2003 when the emittance increase of a specific antiproton bunch was reduced.

Since January, 2002, the TEL has been in routine use for cleaning DC beam out of the abort gaps in the Tevatron beam. Given the great operational importance of this cleaning function, the fabrication of a second electron lens has been fabricated.

19.f.
Accomplishments in FY05

Due to operational schedules, the beam study time for the Beam-Beam compensation project was very limited. An internal review of the BBC project took place in December, 2004. It was decided to continue the project, but to shift focus to diagnostics and hardware improvements which should allow to single bunch studies during stores with TEL-1 and allow commissioning and installation of TEL-2. A new electron gun was designed to replace the Gaussian gun with a wider electron beam with smooth edges.  Spare HV modulator and collector have been built. 

IHEP (Protvino) fabricated the magnets for the second TEL in FY04 and high-power tests were completed in FY05. The electron gun, collector, vacuum system and diagnostics were fabricated at Fermilab.  The second TEL was tested in the E4R building prior to installation in the tunnel.  A new cryogenic bypass was constructed, and the second TEL was installed in the A0 sector of the Tevatron.

19.g.1.
Accomplishments Expected in FY06 and beyond

It is planned to commission TEL-2 in FY06 and perform beam studies with the two TELs in FY06 and FY07. The major goal will be improvement of the antiproton emittance lifetime using the modified electron beam.  The TEL will be operated continuously for DC beam cleaning and as the DC beam intensity diagnostics tool as needed in Run II with 36x36 bunches.  

It is planned to install new BPMs to improve the absolute accuracy of the beam position measurement (presently approximately 0.5 mm for all three beams – proton, antiproton and electron) by a factor of 3 for the TEL-2.  

Further studies will allow us to further develop the theory of TEL-Beam Beam Compensation.  

Beam studies/demonstration in the Tevatron with both TELs include (in order of priority):

1. High current TEL tune shift manipulation with 3 bunch trains (repetition rate of 2.5 MHz, pulse 
width 2-5 micro-second, electron-current ~ 0-3 A).

2. Initial studies of non-linear electron-antiproton beam-beam effects (single bunch operation, 
optimized e-current profile, e-current ~ 0-2 A).  The topics to be investigated will depend 
on theory predictions.

Electron Cooling R&D







19.d.
Background
In 1995, Fermilab began investigating the application of electron cooling to antiprotons in the Recycler Ring as a promising approach to increase the Tevatron luminosity beyond the initial Run II goals.  In 2001, a 5-MeV electron accelerator (Pelletron) was installed in the WideBand laboratory at Fermilab and beam studies began.  The R&D program at the WideBand lab was completed in May, 2004.   The entire facility, including the Pelletron accelerator and the associated beam lines, was moved to its final location in the newly constructed MI-31 building.  The electron cooling section of the Recycler storage ring occupies about 25 meters of the MI-30 straight section, dedicated specifically to this purpose.

The addition of electron cooling to stochastic cooling will improve cooling performance in the Recycler, permitting faster stacking and larger stacks.  In combination with other accelerator upgrades, it will permit substantially greater luminosity in the collider. 

19.f.
Accomplishments in FY05
1. The entire electron cooling system was moved from the WideBand lab and installed at the   MI-31 service building and in the MI-30 section of the MI/Recycler tunnel on schedule, within budget, and without any safety incident.

2. The Pelletron accelerator was commissioned and the electron beam was delivered through the electron cooling section of the Recycler ring.  The electron beam parameters were adjusted to provide optimum cooling rates.

3. It was anticipated that the electron cooling process (the first time ever at such a high energy) would be observed with a small number of circulating antiprotons. (cannot make that claim at the time of writing, March, 2004.)

4. The optimization of the electron and antiproton beam parameters to increase the electron cooling rates began. 

19.g.1.
Accomplishments Expected in FY06

Cooling system commissioning and optimization will continue.  The goal will be to maximize the antiproton stacking rates by frequently and efficiently moving antiprotons from the Accumulator to the Recycler for cooling and storage.

19.g.2.
Future Accomplishments Expected in FY07 and Beyond
To meet the higher demands on the electron cooling system anticipated for the later years of Run II, more reliable electron cooling system operations will be provided, while keeping the electron cooling current (and consequently the cooling rate) at its highest value.  While the design goal for the electron beam current is 500 mA, an increase beyond 2 A should be possible.
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