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Abstract

It has long been accepted that the permanent magnet Recycler ring will define the 8 GeV energy of the accelerator complex. Currently, the Accumulator energy on the extraction orbit defines the 8 GeV energy of the MI and hence that of the Booster and 8 GeV line. 

In this proposal, the MI injection momentum and frequency will be defined to match that of the Recycler but does not require any changes to the Accumulator. In this scheme, a Main Injector “mini-ramp” (or front porch in the case of a $2A) is  matched to the current  Accumulator energy. The original description of this scheme and motivation is in Beams-doc-1140 when the Recycler was in proton mode a significant portion of the time and this proposal was viewed as a means to minimize impact on stacking (and save the pbar tax). 

Motivation
There is a significant effort to commission the Recycler to a point where it can substance contribute to Luminosity prior to electron cooling. The 2.5 Mhz transfers between the Accumulator and Main injector are going well. The transfer of pbars back into the MI(using momentum mining and 2.5 Mhz transfer) is pratically 100 % efficient.  The current issue for acceleration is  beamloss on the  slow acceleration ramp just before transition.  Currently,  the TLG module required for this slow acceleration of pbars from the Recycler requires a multi-ramp scheme to set the MI injection energy to match the Recycler. This scheme allows tune up only with pbars from the Recycler and precludes tuneup of this acceleration scheme with protons. If the Main Injector injection level matched that of the Recycler, protons (from the Booster or Recycler) could be used to tune up the exact ramp used for pbars.  This matching, as proposed here, can be accomplished in very short time.

The flexibility of the MI for energy matching has been proven and is currently in use in present operations, both at injection and flattop.  This proposal maintains the energy matching capability of the Main Injector but re-defines the MI 8 GeV to match that of the Recycler.  In essence, this is a required step if/when the Accumulator energy is changed to match the Recycler. This is just proposing taking this step earlier rather than later.
Implications:

MI Ramp Definitions

The 8 Gev “mini-ramp” will be constructed such that transfers to-from the Recycler will take place at the new matched energy and the transfers to-from the Accumulator will utilize the MI frequency jump.

Once the 2.5 Mhz acceleration is completely operational, a single MI ramp (multiple states/TLG module) will be utilized for accelerating pbars from either the Accumulator or the Recycler. Two TLG modules will be utilized with different RF states to select the source of pbars. The ramp will be a standard $2A ramp with an injection front porch, which could be removed if the Accumulator energy is ever changed to match that of the Recycler. 

With the energy matched, protons from Booster or Recycler may be used for tune up on the same 2.5 Mhz ramp cycle. 

Reverse proton extraction time/pbar injection time to/from Accumulator

The goal would be to keep the Accumulator-MI extraction times constant so there would be no required changes in the Pbar Source. 

The standard $2A cycle for pbar injection would have the new injection level and a 40 Mev front porch for pbar injection.  

MiniBoone

Changing the Booster extraction energy will require a re-tune of the downstream end of MiniBoone.

Fast Extraction

There have been discussions and or plans to adopt single pass injection of pbars from the Accumulator through the MI to the Recycler. To accomplish this the Accumulator would have to be well matched in energy to the Recycler. The argument for turning the MI 520-222 section of ring into a beam line for single pass injection has been to minimize any emittance dilution due to injection mismatches into MI.  Current experience shows there is typically minimal dilution when injection is well closed. A negative impact to precisely matching the Accumulator to the Recycler is that if the Recycler energy changes, the  procedure would have to be repeated. If the MI is used for matching, it only requires a simple re-definition of the MI injection energy. Additionally, to tune up the transfer from the RR to Accumulator would require the injection of protons into the Recycler (with pbars present) and then extract directly to Accumulator. The current process decouples the Acc-MI and the MI-RR transfer.   With the implementation of  AP-1 ramped supplies and “fast stacking” it will be possible to keep the Accumulator –MI transfer tuned up by alternating reverse protons and stacking cycles. It has been shown that after smoothing the MI orbit to the desired positions the transverse matching into the Recycler is well within acceptable limits << 1 and requires minimal attention.  

Implementation:

Verify the operation of mini-ramp using current injection energy.

Verify injection on 40 Mev front porch. 

Set MI injection and frequency to match that of the Recycler

Adjust extraction energy of Booster via B:VIMAX

Re-smooth 8 GeV line 

Modify the MI Ramp definitions on I2 according the following definitions:

The ramp waveforms were shown in Beams-doc 1140 and won’t be duplicated here.

· $2D 8 Gev 5 sec cycle

· with an injection energy matching RR 

· and a “mini-ramp”  to match the Accumulator

· $29 120 GeV stacking

· with injection energy matching RR 

· and flattop is on central momentum

· $30 120 mixed mode SY120 

· with injection energy matching RR

·  and flattop is on central momentum

· $2B 150 GeV Tevatron injection

· with injection energy matching RR 

· and flattop momentum matched to Tevatron

· $2A 150 GeV Tevatron cycle for pbars from Acc 

· with an injection energy matched to Recycler, 

· a front porch matched to Accumulator, 

· and flattop matched to Tevatron

· $20  150 GeV Tavatron cycle for pbars from Recycler

· with an injection energy matched to Recycler, 

· and flattop matched to Tevatron

· $23  120 GeV NuMI cycle  

· with an injection energy matched to Recycler, 

· and flattop is on central momentum

· $2E  Study cycle (various energies)

· with an injection energy matched to Recycler,

· and various ramp definitions

Modify the  MI RF injection frequency on I6.

Investigate creation of revised MI RF state to lock MI to Recycler before injecting protons into Recycler (this has been tested (without beam)

Time Commitment: 

The time commitment required to implement the set of matched ramps and RF states should be approximately 1 – 2 shifts, maximum to complete. The actual matching the MI-Booster-Recycler should take less than ½ shift with the remainder of the time used to propagate changes in injection level/frequency to other ramps and RF states. Note: this has to be done at some time. 

Cost: 

This proposal has zero hardware costs and minimal, if any, in software modification. 
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