Report on the Review of the Recycler Status and Commissioning Plan

29 March 2004

I. Summary

The Committee has reviewed the status of the Recycler performance as of February 19 and is pleased to write that the Recycler Commissioning Team has made excellent progress toward meeting the goals described in the Recycler Commissioning Plan of February 12.  We conclude that the Plan provides a very usable strategy to reach the Recycler performance goals that should be met prior to the start of the 2004 summer-fall shutdown, which is currently scheduled to begin on August 23.  We believe that the Recycler Commissioning Team will reach all of the performance goals described in Table 1 of the Plan (by June of this year).  We have reproduced the Performance Goals from Table 1 below.

Recycler Performance Goals

	
	Lifetime
	Longitudinal properties
	ε ( { (ε(}
	Comments

	Machine Readiness
	≥ 150 hr
	Δprms< 2 MeV
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 ≤6π mm-mr/hr (growth rate)
	Zero-current, pencil beam

	Performance  @ ≥ 100×1010
	≥ 100 hr
	εL ≤ 100 eV-s
	≤ 10 π mm-mr

{≤ 3 π mm-mr /MI transfer}
	Injection efficiency from MI ≥ 85%

	Gated  stochastic cooling @ 20×1010  
	
	Initial injected εL ≤ 15 eV-s
Debunched < 50 eV-s
	From 15 π mm-mrad to ≤ 10 π mm-mrad in 20 min
	Stacking efficiency  ≥ 85% for a 20×1010 batch

	Extraction To MI
	
	36 bunches @ 1.5 eV-s in 30 in.
	≤ 10 π mm-mr
{≤ 3 π mm-mr /transfer}
	Extraction efficiency to MI  ≥ 90%


The values of εL and ε( given above are 95% normalized longitudinal and transverse emittances, respectively.  (ε( is the increase in ε(  per transfer between the MI and the Recyler.

The goals for Machine Readiness and Performance with a circulating beam of 1012 antiprotons have been achieved.  The steps for Gated, Transverse Cooling and Extraction have been demonstrated and progress is being made toward the quantitative goals.
On this basis, we conclude that the Recycler will be ready for the installation of the electron cooling system during the 2004 summer-fall shutdown.  Moreover, we know of no reason to delay the installation relative to the Run II Upgrade schedule.

The Committee has provided responses to the four elements of the charge in the text in the next section entitled “Detailed Response to the Charge”.

II. Detailed Response to the Charge

In this section of our report, we have restated the four elements of the Charge in bold characters and then we provide our comments for that element of the Charge.

Review the current status of the Recycler performance (Element 1a)

The Recycler has met the “Machine Readiness” requirements given in Table 1 of the Recycler Commissioning Plan.  After the fall 2003 shutdown bakeout, the beam lifetime exceeded the previous best performance (180 hour lifetime with 4x1011 stack sizes).  When the beam is being cooled with the existing stochastic cooling system and the tune and chromaticity are optimally set, the beam lifetime is  >300 hours with a stack of 1012 antiprotons. The transverse emittance growth has been reduced and meets the Machine Readiness Requirements.  The transverse and longitudinal emittance growth rates are sufficiently small to allow the commissioning team to evaluate the properties of either a stored proton or antiproton beam without significant loss during an extended study period.  This has allowed an extensive study of the lattice parameters such as tunes and chromaticities and a start on the exploration of the stability of the antiproton beam as a function of current.  Moreover, the current performance of the Recycler has allowed the Recycler Team to carry out all of the steps for antiproton stacking in the Recycler.   The best previous transfer efficiencies (95% MI-->RR, 75% Acc-->MI-->RR) are now routinely achieved.  The Committee notes that Gated Stochastic Transverse Cooling, one of those steps, is a unique and crucial feature of the Recycler and it is very reassuring that the mechanics of this step have been demonstrated.  We note that stacks of slightly more than 1012 antiprotons were built up in the Recycler by transferring stacks of 2 x 1011 from the Accumulator to the Recycler by way of the Main Injector on several occasions.  In particular, there were 19 transfers between 12/01/03 and 2/17/04 for a total of 9.74x1012 pbars transferred from the Accumulator to the Recycler. 

We note that it takes several days to accumulate a stack of 1012 antiprotons, since the accumulation is parasitic to luminosity production.  Nevertheless, this allowed a successful demonstration of all the steps in Recycler Stacking. The Recycler Team also successfully demonstrated the transfer of antiprotons, appropriately bunched for collider luminosity, to the Main Injector for subsequent transfer to the Tevatron for the production of luminosity.  This was done twice, first during the week of January 19 and again during the week of February 16. In both cases useful luminosity was produced for experiments.  The Committee congratulates the Accelerator Division for these impressive accomplishments.

Review the current status of the Recycler Commissioning Plan (Element 1b)

The Committee concludes that the Commissioning plan provides a broad and effective strategy for the first phase of Recycler commissioning. The Recycler Team should be able to reach all of the performance goals in Table 1 of the Commissioning Plan by following this plan.  The projected Recycler performance justifies installing the electron cooling equipment in the Main Injector enclosure during the scheduled 2004 August to November accelerator shutdown.  It also justifies beginning installation in the MI 31 building prior to that time once the electron system is ready.  We understand that disassembly of the electron cooling system is scheduled to start in May 2004.  Assuming that the pace of progress that characterized Recycler commissioning during the six weeks prior to February 19 continues into the future, the Committee believes that all of the performance goals given in Table 1 will be met by June 2004.  Nevertheless, the Committee recommends that the Recycler Department Head, the Run II Upgrade Project Manager, and the Accelerator Division management re-evaluate the progress of the Recycler commissioning and the Commissioning Plan after six more weeks of commissioning.  This comment is not intended to imply that the plan is inadequate rather it is a suggestion made in the spirit that the Recycler has come a long way toward becoming a good storage ring and this will be a good time to look ahead to 2005.  On the basis of our own experience, we suspect that some steps in the commissioning will be easier than anticipated and some will be harder.  The harder steps may require additional equipment to reach the goals that were set for 2005.  In six weeks, much more will be known about the Recycler performance than when the basic plan was formulated six months ago.  

The re-evaluation will allow the Recycler Department and the Accelerator Division Management to answer point 2 of the charge:  “Are the operational steps and methods proposed to achieve the performance goals for the readiness of the Recycler to begin installation of electron cooling appropriate?”  The Committee chose not to review this element of the charge for reasons that are noted later.  The Committee concludes that the Accelerator Division management will be in an excellent position to select the optimum path to follow between now and the 2004 summer-fall shutdown. The Committee agrees with the strategy that is contained in the Run II Upgrade Plan and we repeat our understanding of its essential elements here:

1.  The Recycler, as a storage ring, and the electron cooling system are commissioned separately.   We note that this approach will minimize the premature interference that the two systems could impose on one another and the Tevatron collider experimental program.

2. The Recycler and the electron cooling systems should be integrated only after both are ready and properly characterized. This will give the commissioners confidence that the problems that will arise during integration are a consequence of integration and thus they will be able to concentrate on their solution.

3. The integrated Recycler should be fully commissioned before it is put into collider operations and when it is put into service it should have a very high probability of increasing the weekly integrated collider luminosity. We note that it would be prudent to set some minimum performance goals for the integrated Recycler that would determine when it would be ready to be used for luminosity production.
4. Rapid or frequent transfers will be integrated into Recycler commissioning as part of preparing the integrated Recycler for luminosity operations. 

We understand that these basic strategies are included in the Recycler Commissioning Plan prepared by Sergei Nagaitsev.  We intend that our recommended re-evaluation will allow the Recycler Department to make more specific plans for the shutdown and to prioritize studies.  We recognize that each step needs to be improved before integrated commissioning can begin.

Are the proposed commissioning study periods and resources adequate to achieve the goal? (Element 3)

Beam studies presently (February 19) consist of two six hour shifts per day, two shifts per person per week.  In recent weeks studies have alternated between protons and pbars every other week.  During pbar weeks about 2-4 shots are taken from the Accumulator per week.  The Committee notes that excellent progress has been made with this arrangement.  On that basis, we conclude that the amount of studies time is adequate and that the basic studies plan is sensible.  The Committee did not investigate the adequacy of resources while preparing this preliminary report so we do not comment on it here.  We decided not to request a review of the Recycler study periods and resources, since we concluded that scheduling such a review between February 12 and 24 would have added an unnecessary burden to the already considerable burden of reviews and rehearsals that the Recycler Department management was handling during that period.  We concluded it would be more valuable for the Recycler Commissioning Team to carry out the planned commissioning exercises that resulted in stacking antiprotons in the Recycler and delivering antiprotons to the Tevatron for luminosity than to have an additional review.

Are there any issues ignored or underestimated in the proposed plans to prepare the Recycler to begin installation of electron cooling? (Element 4)

In order to respond to the spirit of this element of the Charge, the Committee has gone somewhat beyond the strict limits of the charge.

1. From reading the Recycler logs, it appears that when the stack size exceeded 1012 antiprotons there were occasional unexpected losses. Since these could be due to instabilities, we recommend that the Recycler Team accumulate stacks of antiprotons of up to 2.5 x 1012 and study their sensitivity to instabilities.  We believe that it would be desirable to determine the threshold for these instabilities with real data.  We note that the Recycler must be able to hold stacks without significant emittance blow up or beam loss in the absence of electron cooling. Given the excellent rate of progress, we recommend making a start on these studies before August 2004.  This may take as much as a week of dedicated operation for the Recycler, thereby reducing the integrated collider luminosity. However, we believe there is adequate justification to do this before the summer-fall shutdown.

2. The Committee recommends continuing the process of formalizing and regularizing the operations procedures for the Recycler stacking and transfer process. We recommend utilizing machine operators for routine operations in so far as is practical.  We are very pleased that Operator training and Operator documentation are called out as deliverables in the Recycler Commissioning Plan.  We recommend that, as part of this process, standard operating procedures be developed including recording data (with SDA or its equivalent), the development of standard files, alarms, limits, and monitoring software.  We recognize that the process of achieving the desired emittances and efficiencies is still not routine and that the Recycler Team has a great deal to do before the shutdown.

3. The Committee notes the time required to setup the transfer of antiprotons from the Accumulator to the Recycler (by way of the Main Injector) creates a high hurdle for accumulating large stacks in the Recycler.  While the actual time for the transfer is short, the Recycler Commissioning Team takes considerable care to make sure that the transfer is efficient in order to avoid wasting antiprotons.  This is appropriate.  As noted above, the Committee believes that there is a strong need to work with large stacks of antiprotons in the Recycler in order to explore instabilities and their cures, particularly the instabilities that are unique to antiprotons.  The time to create large stacks of more than 2.5 x 1012 antiprotons will be quite long and even with a dedicated effort it will be an impediment toward further progress unless the time to make transfers is reduced. This will become particularly acute once the electron cooling system has been commissioned and its integration with the Recycler has begun.  The Committee urges the Accelerator Division to explore ways of reducing this time prior to the full implementation of rapid transfers in June 05.  

It now takes one hour (February 19) to set up and send pbars to the Recycler although the actual unstack and transfer sequence takes 30 seconds.  The eventual goal for frequent transfers is of the order of one minute to transfer 4x1011 in two transfer steps.  The Committee believes that speeding up the present transfer time will greatly facilitate Recycler and electron cooling commissioning.  It will allow for more pbar stacking time and consequently more pbars for transfer to the Recycler as well as minimizing the ‘pbar tax’.  Steps toward achieving frequent transfers will require developing tools so that human intervention and beam tune up steps before transfer can be reduced to a minimum.  These steps include: reconciling the energy mismatch of the various rings and beam lines, installing ramp cards for the AP1 line operation at 8GeV (with the 120GeV supplies), implementing new beam line BPMs, making sequencer improvements, and commissioning the MI Pbar and Recycler Pbar injection dampers.  According to the present schedule most of the hardware and software for these steps will be implemented before the end of the calendar year 2004.  We urge the Accelerator Division to implement as many of these steps by the end of August-November 2004 shutdown as practical so that rapid transfer sequences become part of the study program.  We believe that this will reduce the time to successfully commission the Recycler.

4. While the full Committee did not have the benefit of a review of the status of the electron cooling development effort, two of us (Helen Edwards and John Peoples) listened to the rehearsal presentation on this subject on February 19.  Their impressions are as follows:

The electron cooling system continues to make excellent progress.  The milestone of 0.5A beam at 3.5MeV was achieved in December 2003.  Trips occur at 30 to 80 minute intervals, which are considered adequate.  The main problem at present is drift in the beam trajectory resulting in 0.3 mm motion in the cooling section and 2 mm motion in the return section from day to day.  Other issues include the fact that the beam envelope in the return section does not agree well with simulation and that the beam rms angle is 0.15 mrad, larger than the initial goal but probably adequate.  Work continues on improving the ‘cold’ envelope of a round, un-scalloped beam.  Electron energy has been calibrated to ~1%.  BPMs work well and other diagnostics are being further developed or their number increased.  The electron and antiproton energies have to be known to 0.3% in order to properly match the electron and pbar velocities.  Test of low intensity beam at 4.3 MeV is scheduled for April 04 and disassembly in May.

There is every reason to believe that improvements will continue to be made on the beam quality in the next three months.  There seems to be no reason at this time to delay disassembly, as many of the problems can be readdressed in the new location.

III. Conclusion

The preliminary version of this report was reviewed by the Run II Project Manager and the Recycler Department Head during the month of March.  Since no substantive changes were requested, we consider this our final report.  We believe that it meets the needs of the Run II upgrade milestones. 

Submitted by the Committee:
John Peoples (Chair)


Helen Edwards


Dave Finley


Bill Foster


John Marriner
Appendix

Milestones (or projections)

Recycler

MI to RR Trans >85% round trip <3pi growth
2/27/04

Stacking performance with 100e10


3/15/04

Equilibrium Properties at 200e10


4/5/04

Extraction commissioned



5/3/04

Recycler commissioned for E Cool  


6/1/04

e cool

stable 0.5A @ 3.5MeV



12/03

cold beam @ 0.5A 3.5MeV



3/04

low intensity beam 4.3MeV



4/04

disassemble





5/04

Pelletron installed MI31



10/26/04 

Rapid transfers

MI pbar damper




spring 04

AP1 ramped supplies




9/04

BPM upgrade spec review



5/12/04

Beam line BPMs




12/04

sequencer





ongoing

Energy match across complex


scope under development
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