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Introduction

The committee charge is given in the appendix.  The committee members reviewed the design efforts of Paul Derwent at an open presentation on November 19.  The committee met again on November 21 with Derwent and Pushpa Bhat and David McGinnis to discuss outstanding issues and to formulate the recommendations.

Recommendations

The calculations of Derwent predict little improvement in the emittance of the “core” (after 30 minutes of cooling) with a stack tail betatron cooling system added to the currently planned core cooling system.  These calculations also predict that core cooling alone is adequate to achieve the design goals.

· We concur with the conclusion of Derwent that there is no point in proceeding with the system as currently designed.

A major deficiency with the current calculations is that betatron heating by the longitudinal cooling systems has not been included.

· We recommend that the calculations be extended to include betatron heating by the stack tail longitudinal system.

We offer some specific suggestions as to how this might be done in the comments section.

Comments

The key issue is whether a stack tail betatron system is required.  The current calculations suggest that it is not needed, but they suffer from not including an estimate of the heating of the longitudinal cooling systems.  The core cooling system alone may be judged to have sufficient margin if the most realistic estimates (including all heating terms) and further degraded in cooling rate by a factor of 2, still result in a 10 mm-mrad (95%, normalized) emittance.  We believe that the core cooling system is likely to achieve this goal, making a stack tail system unnecessary.

If our guess is incorrect and the core cooling system alone is not sufficient, it may be possible to achieve better performance with a more aggressive design.  A stack tail betatron system that is limited only by the system bandwidth should be able to achieve cooling comparable to the cooling achieved longitudinally (of order 1000).  But the techniques required to achieve these cooling rates may be prohibitive in terms of overall cost and schedule.  If an improved design is required, it will be a major challenge.

We believe that this review has illuminated the issues sufficiently that we do not foresee the need for a followup review.

Comments on Betatron Heating by Longitudinal Kickers

The process of emittance growth in the presence of a noise source is very well understood theoretically.  In particular, it is known that the growth rate is proportional to the product of the kicker power spectrum and the kicker response, integrated over the frequency spectrum.  The power spectrum of the longitudinal cooling system is known from the design simulations.  The only ingredient that is required to perform the calculations of betatron heating is to know the amount of transverse kick generated by a longitudinal kicker.

We propose that calculations be used to establish a specification on the amount of transverse kick that is acceptable for the stack tail longitudinal kickers in the Run II Upgrade scenario.  We also propose that measurements of the existing stack tail kickers be used to benchmark whether the specification is “reasonable.”  It would be desirable to develop a plan to verify (before installation) whether the Run II upgrade stack tail kickers satisfy the specification.

Theoretical aside

Under fairly general assumptions, the energy gained by a high energy particle passing though an arbitrary kicker satisfies Poisson’s equation in the two transverse dimensions.  Specifically, up to quadrupole terms, the energy gain is
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The transverse kick, is proportional to the gradient of V
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Terms of [1] that are odd in a coordinate vanish if the electrode that has mirror symmetry in that coordinate.  Normally, electrodes exhibit mirror symmetry in both x and y, and therefore b, c, and e are 0 to the extent that the symmetry is perfect.  The quadrupole terms, which are proportional to d and e are normally small when x and y are small compared to the size of the aperture.  Therefore, it can be assumed that the dominant terms in the transverse kick given by a longitudinal kicker are the ones proportional to b, c and d.

The  terms in equation [1] are frequency dependent, so it is not possible to adjust x and y to make the heating vanish.  The heating rate is proportional to the square of p (equation [2]) integrated over the power spectrum applied to the kicker.  However, the heating rate is normally minimized by some values of x and y that are close (but not exactly equal) to the center of the pickup.

The dependence of d on frequency should be smooth and calculable from the design geometry.  However, b and c depend on errors in the construction geometry and are likely to show the effects of resonant trapped modes as well as slower frequency variations of impedance matching of the structure components.

The proposed technique to measure the kicker response using the existing stack tail kickers.

1. Stack enough antiprotons into the core so that accurate measurements of the transverse beam size are possible. Use the core cooling system only (H, V, and P).

2. Connect a single kicker array to a source of white noise in a way that the absolute value of the power spectrum is known (i.e., calibrated W/Hz).

a. The white noise should be flat (or at least smooth) over the cooling system bandwidth.

b. Run the noise source amplitude so that the TWT’s are running at about 50% of their maximum power level.

3. Measure the transverse and longitudinal emittance growth rate (noise source off).

4. Cool the beam to its original equilibrium size (noise source off).

5. Measure the transverse emittance growth rate (noise source on).

6. Cool the beam to its original equilibrium size (noise source off).

7. Repeat steps 5 and 6 for a grid of points in x and y.  It would be preferable to keep the beam orbit fixed and move the tank relative to the beam although either technique should work.

8. Periodically check that the growth rate measured in step 3 is stable and independent of x and y when the noise source is off.

The information from this experiment should allow a calculation of the relative size of transverse and longitudinal kicks and a characterization of the kicks caused by tank centering errors.  Measurement of the cooling rates and the difference in equilibrium emittances with noise source on and off can provide some useful cross-checks.

A second experiment to determine the frequency dependence of the transverse kicks would also be useful.  Probably the easiest way to make the measurement is to measure the transfer function between the longitudinal stack tail kickers and a pickup whose frequency response is known.  Unfortunately, the lack of a broad-band 2-4 GHz transverse pickup in the Accumulator may make it difficult to implement this technique.  Direct measurements, using the technique given above and restricting the white noise bandwidth to a few (say 10) Schottky bands, are possible (although tedious).  A knowledge of the frequency dependence is probably most useful in understanding the importance of trapped modes and the need for eliminating them in the stack tail longitudinal kickers.

Appendix

Goal:
Scope Decision and Technical Review: (WBS 1.3.3.3.2.1.2)

Decide whether to proceed with the betatron cooling upgrade and if so, perform design and technical review before major purchases 

Project Manager:

Paul Derwent
Reviewers:

John Marriner (Chair)
Alexey Burov
David Neuffer
Ralph Pasquinelli
Charge:

The goal for the review is to  decide whether to proceed with the stacktail 

betatron cooling upgrade (WBS 1.3.3.3.2.1.2 of the Run II Upgrade Plan) 

in the accumulator or not.

The document (pbar Note 686) outlines the calculations and a few specific

scenarios for stacktail betatron cooling of pbars in the accumulator and 

concludes that the scenario that provides the best improvement of 15% in

transverse emittance is considerably more expensive and more difficult

to build than was originally proposed. The implication of this conclusion 

is that we will not proceed with the betatron cooling subproject.

The reviewers are asked to comment on the document and its conclusion and 

provide guidance on whether or not to proceed with the betatron cooling 

system.  

A report from the committee is requested by November 24, 2003.
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