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ABSTRACT

We investigated the combined effects of the Booster transition jump (“gamma-t”) system, and a proposed 30 Hz harmonic aimed at modifying the acceleration ramp profile.  We have determined that gamma-t system shows potential for maintaining good longitudinal beam quality at higher intensity than is now possible, but that the potential benefits of the 30 Hz harmonic are too small to justify the cost and effort.
Background

Gamma-t System

The Booster has long had a “gamma-t” jump system consisting of 12 pulsed quadrupole magnets.  After an initial period of commissioning, it was decided not to use the system operationally for a number of reasons, and it has not been used except for studies since. Nevertheless, beam losses at transition have remain a limitation on the maximum intensity which the Booster can accelerate, so we have revisited the issue of the potential benefit of the gamma-t system.  This issue has become i
This issue has become important, because the existing gamma-t magnets will need to be removed as part of the Booster corrector upgrade in 2008.  The choice has to be made whether to abandon the system entirely or to build new magnets to be put in along with the correctors.

30 Hz Harmonic

The lattice magnets of the Booster form part of 15 Hz offset resonance circuit, so the shape of the acceleration ramp is a fixed sinusoid.  Since the time the Booster was designed, there has been discussion of modifying the circuit to allow an adjustable 30 Hz component.  Controlling the relative amplitude and phase of this component would give a great deal more control of the shape of the ramp.
While it’s tempting to have this level of control, adding the 30 Hz harmonic is a major project, estimated to cost about $2.5M, so a strong case would need to be made in order to move ahead with it.

Decision Process
Originally, these two projects were listed separately in the Proton Plan, but during last fall’s review process, it was realized that the two were too tightly coupled to be considered separately.  In particular, because the 30 Hz harmonic would tend to slow the transition crossing, it would be of no benefit, and probably detrimental, without the gamma-t system.

Since then, a series of studies have been undertaken to evaluate the potential benefit of the gamma-t system alone, and the gamma-t system working in conjunction with the 30 Hz harmonic. The studies were done primarily by James Maclachlan, with some parallel verification studies done by Xi Yang.
Results of the studies were reported at a mini-review on February 23, 2006 to fulfill a stated milestone in the Proton Plan.

Study Results

Studies were done using the ESME simulation program, which models longitudinal behavior.

The details of the study are described elsewhere
, and the key points are summarized here.  Three booster ramp configurations were considered:

· The normal 15 Hz ramp.

· A ramp with a 30 Hz component to minimize the maximum 
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 in the cycle.

· A ramp with a 30 Hz component to minimize the 
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 at injection.
These three ramps are shown in Figure 1, as are their slopes.
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Each ramp was modeled with and without a .3 unit 
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jump at transition. Two intensities were considered for each ramp/jump combination: 
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 proton per batch, corresponding to 
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 protons per 84-bunch batch, respectively.  In practical terms, the lower intensity corresponds to fairly standard operation, while the higher intensity has never been demonstrated.  The results for each of the twelve scenarios are summarized in Table 1.  Note that in the absence of a transition jump, the modified ramp actually increases the transition losses.  This effect is particularly dramatic for the low intensity case.  
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In contrast, the introduction of the .3 unit transition jump dramatically reduces losses in all cases.  The additional implementation of either of the modified ramps further reduces the loss for the high intensity batches; however, this loss was not particularly large to begin with.

Conclusion

These studies show that the implementation of a .3 unit transition jump could have a dramatic effect on the ability of the Booster to accelerate large batches with reduced beam loss and excellent longitudinal emittance. On the other hand, the 30 Hz harmonic would actually have a detrimental effect if used alone, and would only provide a small improvement when used in conjunction with the transition jump system.
Additionally, while preserving the transition jump system requires only a modest effort and cost, the 30 Hz harmonic would cost on the order of $1-2M and would be a significant installation effort.

For these reasons, it was the consensus at the review that all work on the 30 Hz harmonic cease, and the project be de-scoped from the Proton Plan.  Studies into the transition jump should continue, with the goal of  demonstrating the benefit of the system as soon as possible.
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Figure 1 – The three curves which were investigated in this study. The figure on the left shows the three current ramps, and the curve on the right shows the slopes.
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Table 1- Summary of results for the twelve individual scenarios which were modeled. Note that the injection intensities are specified per bunch, but the losses are for the entire 84-bunch booster batch.
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