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FY 2004: Recycler Operational Scenario, Responsibilities and Parameter Measurements 
	Recycler FY2004 Performance Criteria (for antiprotons)

	
	Lifetime
	εL {(εL}
	ε( { (ε(}
	Transfer/Stacking Performance

	Machine Readiness
	≥ 150 hr
	
	{≤6π mm-mrad/hr}
	

	Performance @ 100×1010
	≥ 100 hr
	{≤15 eV-s/batch}
	≤ 10 π mm-mrad
{≤ 3 π mm-mrad /transfer}
	≥ 85%

	Equilibrium Properties @ 200×1010 stochastic cooling only
	
	100 eV-s  
	≤ 10 π mm-mrad
{≤6π mm-mrad/hr}

	≥ 200×1010 in 10 hrs

	Extraction

performance
	
	36 bunches @ 1.5 eV-s in 30 min.
	{≤ 3 π mm-mrad /transfer}
	≥ 45%


Table 1: εL and ε( are the longitudinal and transverse 95%, normalized beam emittances (see text below for details).
	Recycler Final Run II Goals (with electron cooling)

	
	Lifetime
	εL {(εL}
	ε( { (ε(}
	Efficiency/Stacking Performance

	Equilibrium Properties @ 600×1010
	≥ 150 hr
	≤ 50 eV-s
	≤ 10π mm-mrad
{≤6π mm-mrad/hr}
	Rapid transfers every 30 minutes


Table 2: Run II performance goals (see Run II upgrade documentation for details)

Document Scope
Recycler operations in the context of the Run II Upgrade are outlined.  The performance parameters given are general in scope and implicitely contain performance goals for the Recycler subsystems (e.g. cooling, vacuum, etc.)  The measurement techniques used to determine performance parameters are outlined.  Longitudinal and transverse emittances are given in eV-s and π mm-mrad respectively.  Any given transverse emittance refers to both horizontal and vertical emittance.

Operational Scenario
In the general Run II Upgrade plan, the Recycler is to stack, store and extract antiprotons for use in collider operations.  The mechanics of these operations are roughly outlined here.  Implicit moderate assumptions regarding the Tevatron complex performance upstream of the Recycler are made.
Stack
Antiprotons are stacked longitudinally in the Recycler and beam sections are usually designated by the confining RF barrier bucket.  The Recycler has three barrier buckets labeled Injection/Extraction, Transfer and Stack. To initiate an antiproton transfer into the Recycler, the Antiproton Source is requested to transfer a particular phase space volume of antiprotons as a single Recycler batch which is contained in four, 2.5MHz buckets.  At transfer from the MI into the Recycler, the antiprotons shall be within a 10 eV-s and 10 π mm-mrad phase space volume.  An antiproton transfer into the Recycler consists of the following Recycler RF operations performed sequentially:
1. Create Injection barrier bucket.

2. On transfer event, create four 2.5MHz buckets within the Injection bucket and accept the newly injected batch of antiprotons.

3. Adiabatically decrease 2.5MHz waveform voltage to zero.

4. Merge the new batch into the Stack.

Store
Antiprotons are stored within a barrier bucket system.  The stored antiproton phase space volume and intensity are maintained with Stochastic Cooling.
Extract
Antiprotons are unstacked longitudinally in the Recycler.  To initiate an antiproton transfer from the Recycler to the Tevatron, the Recycler is requested to transfer a particular phase space volume of antiprotons to the MI.  An antiproton transfer from the Recycler into the MI consists of the following Recycler RF operations performed sequentially (repeat nine times):

1. Extract 6 eV-s of antiprotons from the Stack with the Transfer bucket.

2. Move Transfer bucket to Extraction region.

3. Adiabatically capture Extraction antiprotons into four 2.5MHz buckets.

4. On transfer event, extract beam to MI.
Operational Responsibilities
To perform the outlined scenario in the context of Run II operations, the Recycler department shall take the following responsibilities:

1. Determine and request from the MI the beam position, angle and energy at the exit face of the extraction Lambertson magnet of the MI. 

2. Determine and maintain the optimal settings for the injection and extraction transfer line components between the MI and Recycler closed orbits.
3. Determine and maintain the optimal Recycler closed orbit, cooling and RF system settings for antiproton storage.

4. Set the beam position and angle at the injection in the MI based on the MI department request.
Parameter Measurement

The Recycler performance parameters and measurement techniques are listed.

1. Transverse emittance is reported as the normalized transverse emittance containing 95% of the beam.

a. This is monitored using the 1.75 GHz Schottky detectors.
b. This is measured destructively with either a scraper or flying wire to unambiguously determine if a performance criterion has been met.

2. Beam lifetime is measured

a. in the absence of cooling as zero-zero beam lifetime or the initial derivative of the beam current vs. time for a zero-current (<0.5×1010 particles), zero-emittance (<4 π mm-mrad) beam.

b. with cooling as an exponential fit to the beam current as measured by a DCCT based on a sample time ≥ 1 hour.

3. Longitudinal emittance is measured as the product ΔE·ΔT.  ΔE is the beam energy spread containing 95% of the beam as measured by the 1.75 GHz Schottky detectors; ΔT is the bunch length.
4. Longitudinal emittance dilution for a Recycler RF manipulation is the difference between the longitudinal emittance before and after the manipulation is performed.
5. MI ↔ Recycler transfer performance will be measured for the round-trip transfer of a single batch ≥ 10×1010 antiprotons from the Main Injector to the Recycler and back again within 1 minute. The beam emittance measured by the Main Injector flying wires before leaving the Main Injector shall be ≤ 10 π mm-mrad (εL ≤ 10 eV-s).  The round-trip transfer efficiency MI-RR-MI is measured by the MI DCCT.  The round-trip transverse emittance increase is measured by the MI flying wires.

Performance Criteria
To make these criteria unambiguous, they shall be met with antiprotons while the MI is operating with only stacking cycles spaced by at least 1.6 seconds.
1. Machine Readiness

a) Vacuum
Transverse emittance growth ≤ 6 π mm-mrad /hr measured destructively for zero-zero beam without cooling.
b) Vacuum and Machine Acceptance
Beam Lifetime ≥ 150 hr measured with zero-zero beam without cooling.
2. Performance @ 100×1010 with cooling and Batch Intensities ≥ 10×1010
a) Cooling, Intensity Effects, Vacuum and Machine Acceptance
Beam lifetime ≥ 100 hr and transverse emittance ≤ 10 π mm-mrad.
b) Rapid Transfers
Longitudinal emittance increase of Stack ≤ 15 eV-s for a single Recycler batch.  For example, a 90 eV-s Stack with a new batch of 10 eV-s may result in a ≤ 105 eV-s Stack.
c) MI ↔ Recycler Transfer Performance
The round-trip transfer efficiency MI-RR-MI shall be ≥ 85%.  The round-trip transverse emittance increase of the beam shall be ≤ 3 π mm-mrad.
d) Stacking
Single batch stacking shall not exceed 5 minutes.  The average stacking rate in the Recycler ring (including transfer time) should not be less than 80% of the average (averaged over 10 hours) stacking rate of the Accumulator without transfers.
e) Extraction
9 batch extraction, a complete Tevatron fill, shall not exceed 30 minutes.  Only particles within 54 eV-s (as measured in the MI at 8.9 GeV/c) phase space shall be extracted.  For ≥ 100×1010 antiprotons in a 100 eV-s stack, not less than 45% shall be extracted.  This criterion may change if the 2.5‑MHz acceleration in the MI becomes efficient.
3. Equilibrium Beam Properties @ 200×1010
The Recycler should be able to accumulate ≥ 200×1010 particles and maintain the stack within a 10 π mm-mrad ×100 eV-s  phase space volume.
4. For comparison only: Final Run II Equilibrium Properties @ 600×1010
Contingent upon the availability of 20×1010 antiprotons for transfer to the Recycler every 30 minutes within a 10 π mm-mrad ×10 eV-s phase space volume, the Recycler will accumulate ≥ 600×1010 particles and maintain the stack within a 10 π mm-mrad ×50 eV-s  phase space volume.
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