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Introduction:

Slip stacking is a key component of the Run II Upgrades.  (WBS) It is required to increase the total proton flux on the anti-proton target.  The key challenges of the project involve providing enough beam loading compensation during the slipping process and maintaining a small longitudinal emittance through the whole slipping and acceleration process.

The slip stacking team has already made significant progress in the study and implementation of slip stacking.  All of the LLRF tools necessary for slip stacking operation have been commissioned.  Fundamental RF feedback and transient feedforward beam loading compensation have been commissioned.  Operationally, slip stacking has been demonstrated to work in the main injector up to an intensity of 6.0 e12 protons, which is 60% of the final design intensity.

The team has reached a limit to the intensity that they can reliably slip stack.  One of the main limitations is that the RF power amplifiers cannot provide enough available current to the cavity to counteract the beam loading current.  In order to proceed further, power amplifier upgrades that will double the available current have been proposed.

Charge to the committee:

The goal of slip stacking in MI is to increase the proton intensity to the 

antiproton target to 8E12ppp by first merging two Booster batches together 

at MI injection and then accelerating them to 120 GeV.

The biggest challenge we are facing is the beam loading compensation of the 

18 53 MHz rf stations during the slip stacking process. Recently we have 

implemented a beam loading compensation scheme (a combination of rf feedback 

and feed-forward) that allows us to slip stack up to 6E12 p with good efficiency 

and minimal longitudinal emittance blow-up.  We are currently limited by the 

available cathode rf current in each station. We plan to have a design that 

would allow us to slip stack up to 1E13 p at injection with a 40% safety factor.

The committee is asked to review and comment on:

(1) the beam loading compensation scheme used, and 

(2) the suggested hardware requirements  for the beam loading compensation 

at high intensities (up to 1E13).

Addendum to the Charge:

The primary focus of this review is the justification for an upgrade to the RF power amplifiers.  The questions that we will answer in this review are:

Why is the power amplifier upgrade necessary?

What will the cost of the upgrade be?

How much time will be required to perform the upgrade?

Will we be able to take advantage of the upgrade in a reasonable amount of time after it is commissioned?

Findings:

The slip stacking concept has been successfully demonstrated in the main injector.  Studies have produced total intensities of 6.0e12 protons in a single batch with an average longitudinal emittance of about 0.45 eV*s.

All of the LLRF tools are in place to handle the RF frequency manipulations required for slip stacking.

The latest record intensities for the slip stacking studies can be attributed to improvements in the beam loading compensation scheme.  By upgrading the feedforward system to a heterodyne system and moving the mixing frequency away from the cavity resonance, RF leakage from the system no longer disturbs the beam.

Attempting to compensate for beam loading at the design intensity for slip stacking will bring the solid state amplifiers just beyond saturation.

The cost of doubling the available current from the solid state driver will increase the cost of the total project by only 5% over increasing the available current by 50%.

The amount of time to complete and commission the upgrade was estimated to be about one year.

The current slip stacking intensity limit is set by transient effects in the RF cavities and beam loading compensation.

More work is required to upgrade the control of the high level RF system (i.e. event driven amplitude control, ramps on grid bias, etc.)

Maintaining a low longitudinal emittance is critical to the success of the system.  The issue as to whether the booster can provide beam with low enough energy spread at high intensity is still unresolved.

Recommendations:

The committee unanimously concurs that you purchase enough solid state amplifiers to double the current capability of the solid state driver (80 modules).  The current configuration does not have enough drive to handle the beam loading compensation for the slip stacking design intensity.  The slip stacking project is well organized and has made tremendous progress.  The committee is optimistic that it will succeed, but an upgrade is necessary.  Although doubling the number of amplifiers is more than what is required for successful slip stacking, the benefits of having more headroom for slip stacking and other main injector beam manipulations far outweigh the extra cost.

Suggestions:

Begin to focus slip stacking beam studies on booster bunch rotation at high intensity.  Low longitudinal emittance from the booster is critical for slip stacking success.  We need to know how well we can control the emittance coming out of booster and what modifications may be necessary to meet the slip stacking requirements.

Develop a detailed plan for commissioning the new solid state amplifiers.  You will want to take advantage of the fall shutdown as much as possible.  If the commissioning process will have a negative impact on integrated luminosity, it could lead to significant delays in completing the upgrade.

Begin to focus high level system studies on determining the cause of the RF stations tripping at high intensity.  These transient effects are currently limiting the intensity of the slip stacking studies, and there is no evidence that the solid state amplifier upgrade will improve the situation.

The high level controls upgrades may be straight forward to specify.  If this is the case, it would be more efficient to utilize labor outside the RF department to design and create the necessary modules and install the necessary cables.

There has been considerable work performed on modeling the RF station and its control loops.  Although we have not spelled out its contribution to the slip stacking project, we would like to see it continue.

The current plan for beam loading compensation looks to be sufficient for reaching the slip stacking design goals.  However, we would like to encourage continued study into transient beam loading compensation feedback system.  It may prove to be more robust and reduce the load on the feedforward system.

Other Opinions:

From Trevor Linnecar at the Temple review:

“Slip-Stacking. The tests at low intensity show excellent results. 
Certainly beam-loading compensation is the key to this as far as high 
intensity is concerned - this has been well studied in great detail and the 
methods to control it, feed-forward and RF feedback, should give adequate 
control. The critical point is to do tests at high intensity, to resolve all 
the attendant problems such as the effect of transient power surges on 
interlocks at injections etc. These problems are only found with beam and I 
think it would be very good to advance the high intensity tests as early as 
possible. Although the necessary pre​amplifiers have not yet been procured 
it should be possible to test at some intermediate intensity. Maybe the 
amplifiers can be obtained earlier? Advantages from installing this beam 
loading compensation would be immediately felt.”

From Tom Roser, Karlheinz Shindl, and Uli Wienands at the DOE review:

“Slip-stacking results are very encouraging; the team should be proud of this achievement.  Commissioning of slip-stacking and beam-loading compensation should continue at high priority.”

