Recommendations of the DOE review committee, Feb. 2004 

And Accelerator Division Responses


	Recommendation
	Response/Action Plan

	Accelerator Physics
	 

	AP1: Expand integrated modeling across the accelerator complex (from linac to collisions) to include collective effects, impedance budgets, emittance preservation, and intensity limitations, such as space charge effects in the Booster. Pursue an aggressive emittance reduction campaign with these tools, supporting the urgent investigation of cold antiproton beam instabilities in the Recycler that might necessitate the use of a broad-band transverse damper.  Report on progress at the next review.
	An operational model of the collider complex has been developed over the last two years and is used for setting operational strategy to maximize integrated luminosity to the experiments. 
Modeling capabilities have been expanded with the development of a repository for optics and configuration data files for the entire accelerator complex.  The repository is now ready. Design optics files are already uploaded, and actual optics files (verified by optics measurements) are being loaded. The BLAST database, which includes field and alignment information for each magnet is being developed. The data for the Tevatron and MI are already entered. The transfer lines and other machines will be entered over the next year. Application software for working with this data base is being developed.
Presently, transverse emittances are below design values. The longitudinal emittances, however, are slightly larger than the design values and we continue to pursue their reduction.

Recycler studies of transverse instabilities have confirmed the need for a transverse damper system.  A 50 MHz damper system will be implemented by the end of 2005. A higher bandwidth system is under consideration. 


	AP2: Analyze baseline and luminosity scenarios, across multiple machines, under various fall back conditions, supported by a comprehensive model of the Collider complex. Report on progress at the next review.
	The operating scenarios are reviewed periodically and updated when appropriate. The last major revision incorporated the successful demonstration and integration of Electron Cooling in the Recycler Ring. Tevatron shots are now performed with antiporotons taken exclusively from the Recycler Ring with stash sizes of up to 350E10. Various fallback scenarios have been developed and are dependent on the stacking rate that is ultimately achieved in the Accumulator.

CLOSED  


	Recommendation
	Response/Action Plan

	Proton Source
	

	PS1: Determine the zero-stack pbar stacking rate using slip-stacking including cogging necessary for multi-batch transfers and beam-loading compensation by May 2004.
	Prior to the fall-04 shutdown, slip-stacking was tested at intensities in excess of 6.5E12ppp on target, with 12 of the 18 MI RF stations upgraded. A 15% increase in stacking rate was observed. Since the shutdown slip-stacking has been used continuously in normal operation.
CLOSED 

	PS2: Make short proton bunches for pbar production a priority.
	The specification for slip stacking was to produce proton bunches of length 1.5 ns on target for pbar production, and this specification has been met. 
CLOSED

	PS3: Develop an aggressive plan for machine studies to increase beam intensity and brightness in the Booster beyond its present state by May 2004.  This plan should include making the gamma transition jump operational.


	An aggressive plan is being pursued for increasing the Booster beam intensity.  Major improvements so far include (1) commissioning of an integrated collimator/shielding system to manage beam loss which resulted in the ability to increase beam intensity, (2) lattice improvements and subsequent tuning and (3) understanding and improving the 400 MeV line optics and stability. 

Further upgrades to the Booster have been consolidate into the “Proton Plan”, with the goal of reducing losses and increasing both intensity and rep-rate to support both the collider and neutrino programs. The upgrades include building new Orbump magnets( expected completion 2005), a gamma transition jump system (2005) and a new corrector system (2007). 

	PS4: Provide emittance measurements in the Booster throughout the cycle and include Linac and Booster beam characteristics into the performance overview of the Tevatron complex by May 1, 2004.
	It is now possible to make emittance measurements throughout the Booster cycle using an Ion Profile Monitor. Also, there has been a significant increase in our understanding of the 400 MeV line and a much better measure of the emittance of the beam going into the Booster. 


	Recommendation
	Response/Action Plan

	Antiproton Source
	

	AS1: Allocate pbar source study time in the order of six hours every second store to implement beam based alignment and obstacle finding procedures and reduce the discrepancy between expected and measured acceptances

	Prior to the last shutdown, dedicated study periods in the Antiproton Source averaged about 14 hours per week. Scheduling these study periods was disruptive for operations. A new study plan for beam-based alignment was developed, reducing the need for dedicated studies, and instead uses techniques which are largely parasitic to stacking to map out apertures other than injection regions. Specific dedicated studies using reverse protons are still needed to map apertures in these injection regions and to validate the parasitic techniques. Since the shutdown, dedicated studies have averaged 3 hours per week.
In addition the pbar source has taken advantage of the recent Tevatron downtime to perform extensive studies of the AP2 and debuncher apertures leading to improvements in the apertures.

CLOSED 

	AS2: Continue instrumentation upgrades, in particular improvements to AP2 BPM to enable response matrix measurements with reverse protons in AP2.

	A new BPM readout system is currently being installed. Prototype boards have been tested and shown to work well for both pbars and reverse protons. 

	AS3: Try slip-stacking as soon as possible, by May 2004.

	Done. (See response to PS1) 

CLOSED

	AS4: Continue efforts to better understand and suppress effects that currently limit stack-tail cooling performance.  Impacts of further reduction of Debuncher momentum spread below the current design value of 6 MeV should be studied.  Important fallback scenario if Recycler with electron cooling fails.
	We have measured and characterized the current stacktail system and believe that it can handle ~28 mA/hour.  We have identified other limitations on flux into Accumulator (transverse scraping in Debuncher to Accumulator line) and are working on mitigating those problems.  Debuncher momentum spread is currently below the target value of 6 MeV.

	AS5: Perform urgently detailed design and performance requirements of transverse damper in the Recycler for resistive wall instabilities-this is required by spring 2005.
	See response to AP1

	AS6: The Committee recommends installation of further BPMs in the electron cooling return line in case of recirculation problems in the MI tunnel.
	Done.


	Recommendation
	Response/Action Plan

	Tevatron
	 

	T1: Provide sufficient time (at least two shifts per week on average) for beam studies and commissioning of new hardware.

	Tevatron studies have averaged about 10 hours per week over the last year of operations.  These periods were used for both upgrade-related studies and maintenance studies.   New hardware devices have been successfully commissioned and are operational. These include a 1.7 GHz Schottky detector, tune tracker, head-tail instability monitor, upgraded Tevatron BPMs. Commissioning time has also been given for the optical transition radiator (OTR), the ion profile monitor (IPM), and turn-by-turn (TBT) coupling measurements. 
Beam studies have led to an improved understanding of the Tevatron optics and a reduction in the beta-star at the interaction regions from 35 cm to 28 cm. The beam-beam lifetime at 150 Gev has been improved as a result of octupole corrector circuits used to adjust the differential chromaticity.

The newly installed electrostatic separators will be commissioned following the March 2006 shutdown and used to reduce the effects of the long range beam-beam tune shifts.

We will continue to allocate study time for commissioning new hardware consistent with the plan for maximizing luminosity delivered to the experiments. 

CLOSED

	T2: Commission the transverse injection dampers within the next three months.

	The transverse dampers have been commissioned.
CLOSED

	T3: Reevaluate the resource loading of the Run II Upgrade Plan and develop appropriate tracking tools to easily assess the status of each subproject.

	The Run II Upgrade Project is 85% complete and the resource-loading was re-evaluated December 2005 during the development of version 4 of the Run II Upgrade Project Plan. Additional cost tracking tools and reports have been developed.
CLOSED



	T4: Develop and carry-out a program of beam-based measurements and simulations to establish beam-separation requirements and helix design criteria for the design parameters in Run II.  Present results at the next review.

	Two extra separators were installed in the ’04 shutdown, and improvements in separator conditioning have allowed operation at higher voltages.  As a result, the average separation has been increased by about 15%. Studies of luminosity lifetime versus helix separation are ongoing.
During the 2006 shutdown an additional 2 separators are being installed and 3 more are being replaced with better performing spares. With the new separators the helical orbits can be further optimized to reduce beam-beam effects and these changes will be implemented during the startup following the March 2006 shutdown.
CLOSED

	T5: Pursue a vigorous investigation of beam-beam effects, including strong-strong beam-beam effects, to evaluate possible limitations on the ultimate Tevatron luminosity, and to evaluate possible amelioration.  Present results at the next review.

	The program of simulation and studies for improving our understanding of beam-beam effects in the Tevatron continue.  During the last year, effort was made to match the results of the beam-beam simulation with experimental observation in the Tevatron. The models for intrabeam and gas scattering were improved. The Lifetrac simulation code was extensively tested and the simulations scaled to real Tevatron conditions. It was inferred that reduction of chromaticity at low beta is helpful.  
In instrumentation, good progress was made in measuring the longitudinal distribution function and emittances with flying wires during stores. 
The Tevatron BPM upgrade has led to improved lattice function measurements and the turn-by-turn (TBT) feature has led to a better understanding of the Tevatron coupling. A more accurate model of the Tevatron lattice has been essential for an improved understanding of the beam-beam effects.

(The changes and planned changes to the helical orbit have been addressed in T4 of this scorecard.)

CLOSED   



	T6: Characterize the Tevatron aperture to quantify gains after alignment and optics improvements.  Present results at the next review.

	Beam studies prior to the last shutdown measured the transverse aperture on the helices (beams-doc-1497). The studies were repeated after the shutdown and the effective aperture found to be essentially the same.
CLOSED 

	T7: Complete and document the alignment of the Tevatron.

	In  progress.  Also, see T6.


	Recommendation
	Response/Action Plan

	Instrumentation
	

	I1: Investigate the source of kicker noise in the AP2 line BPMs during the March shutdown and improve the AP2 line BPM system to work with reverse protons over its entire length by the end of the summer 2004 shutdown.

	The noise problem has been solved, and new BPM readout electronics are being installed.  (See response to AS2.)

	I2: Perform a study of possible methods to measure the emittance evolution during the Booster ramp by May 1, 2004.

	Significant efforts were made to understand the Booster optics and to calibrate the Ion Profile Monitor.  It is now possible, therefore, to measure emittance evolution during the Booster ramp. 


	Recommendation
	Response/Action Plan

	Cost Estimate
	

	CE1: Maintain the current level of rigor in developing and updating the cost estimate as the Project Office transitions to tracking and monitoring progress and performance against the cost benchmarks.
	OK.

	Schedule and Funding
	

	     None
	

	Overall Management
	

	OM1: By June 1, 2004, produce a comprehensive plan addressing manpower needs and expected progress for the operations, commissioning, and maintenance components of Run II.

	An analysis of manpower assignments and needs in AD has been completed and discussed at AD management meetings.

	OM2: By May 1, 2004, develop and implement procedures to utilize the Upgrade Plan as a basis to monitor and track and evaluate progress on the upgrades against expectations.

	Done. Monthly status updates and progress in % complete, cost and effort reports are presented at the monthly PMG meeting and included in a written report to DOE. 

	Management Organization
	

	     None 

	

	Management Processes
	

	MP1: By April 1, 2004 develop and implement procedures to utilize the Upgrade Plan as a basis to monitor and track and evaluate progress on the upgrades against expectations.
	Done. (See response to OM2.) 

	Planning and Plans 
	

	PP1: The Upgrade Plan should continue to be internally reviewed and updated quarterly.
	The latest update to the Run II Upgrade Plan was December 2005, and further updates have been ongoing on a continuous basis.

CLOSED 

	PP2:  The Upgrade program and progress should be reviewed a few months after the 2004 shutdown.
	The program and progress is reviewed monthly and discussed at the PMG (see OM2).

	PP3: Necessary critical manpower should be explicitly identified as soon as possible.
	This is done on an on-going basis. For example: (1) additional labor resources for electron cooling installation were identified and provided from Particle Physics and Technical Divisions, (2) additional need for work on TEL R&D was identified, a visiting engineer was recently added to the project and a post-doc candidate sought. 

	PP4: Consider publishing (website) more of the operational schedules, even though they might be quite dynamic.
	Operational Schedules, control room and machine log books and other operational information can be accessed from

http://www-bdnew.fnal.gov/operations/operations.html



Recommendations from September 2004 Mini-Review

	Recommendation
	Response/Action Plan

	Technical
	

	1. Continue to improve study time and priority to AP2 and Debuncher aperture studies.
	See answer to AS1 above.

	2. Continue to improve instrumentation to better understand performance limitations, e.g. scraper and beamloss scintillators in Debuncher and Accumulator for calibrated emittance measurements.
	Instrumentation improvements include new BPM systems in the transfer lines, a new beam intensity monitor in the Debuncher, and turn-by-turn monitoring in the Debuncher and Accumulator. Calibrated emittance measurements are available in the Accumulator.  Emittance measurements are also available in the Debuncher and efforts are underway to routinely perform these measurements and log the data.

	3.  Continue to study and improve cooling systems and beam transport (equalizer improvements, gain optimizations, D to A line optics and aperture).
	Studies continue- see response to AS1. The Debuncher cooling systems were characterized. Optimization of the D-A transfer is currently a major focus of attention.

	4. Devote some machine studies to longer-term beam dynamics issues in the Tevatron, such as beam-beam studies and studies of separation criteria.
	Studies are ongoing to understand improvements in the luminosity lifetime from increased helix separation.

	5. Continue to provide study time for pbar source and Booster limitations.
	Yes. Parasitic studies are used wherever possible to reduce the need for dedicated studies.

	Cost, Schedule, and Management
	

	1. 1.  The Office of High Energy Physics, the Fermi Site Office and Fermilab should work together to make tracking and reporting of Run II activities efficient, timely and useful to all parties.
	The PMG and monthly reporting to DOE continue to be the primary vehicles for this.
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