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Examination of Accumulator to Recycler Transfers

Dave Johnson

August 3, 2004

The Recycler has successfully contributed to the Collider Luminosity by participating in “Mixed Pbar Source” transfers to the Tevatron on four occasions, with the three highest initial luminosities, including the highest initial luminosity of greater than 1E32 on store 3657 (July, 16th). On this store, the Accumulator started with a stack of 192E10 and injected 143E10 and the Recycler started with a stash of 92E10 and injected 52E10.  Subsequent transfers from the Recycler have been able to extract upwards of 85% of the stash, so stash sizes of 75E10 are quite acceptable for luminosity production.

The current scenerio used to fill the Recycler is that after many of the Collider shots, the Accumulator stacks to ~40 mA and transfers to Recycler. This transfer has been repeated once or twice per Collider store over several stores to generate Recycler stashes of up to  ~150E10. If this procedure can be trimmed to under ½ hour from stop to start stacking, then the impact of transfering beam twice to the Recycler is less than 1 hour of stacking at peak stacking rates or ~ 12 mA/hr. 

We expect this mode of operation of regularly taking transfers to the Recycler once or twice after each store to build a Recycler stash to be used for luminosity (or electron cooling commissioning, i.e. pbar tax) to continue until electron cooling is commissioned in October of 2005. 

The Accumulator to Recycler transfers are currently “Sequencer” driven. This mode is expected to continue until the AP1 line conversion to ramp card driven ramps with hysteresis resets and the commissioning of  “fast transfers” which would be clock event driven and occur with TLG change. In this mode human intervention in the transfer process is minimal. 

This note examines the current status of pbar “fast” transfers to the Recycler with the goal of identifying set-up time issues.  Over the last  16 or so transfers, typical times are on the order of an hour with the best being about  40 minutes.  The figure of merit for the transfer time is the over-all time from stop stacking to start stacking. The individual components contributing to this time are examined and suggestions to reducing this time are given.

Recycler Transfer Timing:

The change in state variables for the Recycler (RSHOOT) , Main Injector (MSHOOT), and Pbar (PSHOOT), as well as the A:IBEAM and R:BEAM intensities, along with the contents of Sequencer aggregate commands for each machine, can be used to break down what steps each of the machines are taking during the shot set up process.  This note examines three of the more recent transfers. Figure 1 shows a typical transfer which took place on 7/20.  This timing was examined on 7/28 and changes to the MI Sequencer aggregate and MI tune up philosophy were implemented for the transfer on 7/30 (as shown in Figure 2).
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Figure 1: State variables and machine current for Accumulator transfer on July 20.

There are five time periods which are labled in Figure 1. They are: 

A. Delta time from when the Pbar Sequencer sets PSHOOT to “not ready for tansfer” to when the Pbar Source is “ready for transfers” The beam switch is taken approximately a minute before the “not ready for transfer”  state is set. 

B. Delta time between Pbar Source being readyfor transfer and the 1st transfer (including the unstacking time for the 1st transfer)

C. Total time for transfers. This is dominated by the time required for Recycler to merge the newly injected beam into the stash. In this set up there were four transfers. 

D. Delta time required after the last transfer to return to stacking.

E. Delta time between the start and finish state variables in the MI tune up.

The total time required required for Accumulator to Recycler transfers is given by the sum of At hru D. Note that interval A and E start at the same time but the MI Sequencer waits for the Pbar state “Ready for MI tune up” to check/set MI positions. 

This transfer from Accumulator to Recycler for this transfer was completed in just under 48 min from stop to start stacking. The times at which the state variable was set are given to the nearest minute as:

11:29 
MI started tune up

11:29 
Shot set up started 

11:32 
Pbar sequencer indicated ready for MI tune up

11:36 
MI finished their tune up

11:38
Recycler ready for transfer


11:39 
Pbar beamline tune up complete


11:50 
Pbar ready for transfer


11:55
first transfer


12:10
fourth and last transfer


12:16
stacking

The elappsed times for various steps:

	Point
	Time [min]
	State/Comment

	E
	7
	MI tune up (only 4 min after  Pbar issued “ready for MI tune up”

	A
	21
	Time between Pbar start set up and the “ready to tramsfer” state variable

	
	7
	Beam time for Pbar beamline tune up and injection TBT

	B
	4
	Time from “Pbar ready to transfer” to the 1st transfer

	C
	16
	Total time for 4 transfers (averaging 4 min/transfer)

	D
	6
	Time from the last transfer to revert back to stacking


For all “rapid” transfers to the Recycler, I assume the Recycler has stored pbars so there is no tune up required. There may be pre-shot adjustments in the Recycler prior the the shot, but they are not counted in the transfer time since the Accumulator can remain stacking. As such, it is assumed that the Recycler is ready for transfer by the time the Pbar Source issues its “Ready to transfer” state. 

The Main Injector tune up consists of setting alarm files, BPM timers, checking/setting the 8 Gev positions at MI52 and MI22, and checking the p/p on the reverse proton cycles.  The Main Injector tune up, calculated by the MSHOOT variable, was somewhat misleading prior to July 30. The “MI start tune up” state was issued at the beginning of the aggregate and then the MI sequencer waited for Pbar to issue it’s “ready for MI tune up” state before actually doing any beam measurements.  The MI Sequencer was modified to shift the “MI start tune up” until after the wait for the Pbar “ready for MI tune up” variable was set to closer reflect the actual time needed for MI tune up.

In addition to modifying the MI sequencer, the MI desired position file on I50 was verified to match the positions at MI52 and MI22 required for transfers, and the orbit was smoothed on the $29 cycle in the “Disable slow extraction aggregate command”. Since the closed orbit in the MI is very stable, setting the positions at the injection level on the $29 stacking cycle guarentees the correct positions for the transfer. Since the Dp/p of the injection level closed orbit is somewhat dependent on the time line and the preceding MI ramp history, we see shifts on the order of a few MeV when changing time lines from stacking to shot set up. If the TLG used for set up and transfer were more like the stacking time line, this effect can be minimized. The goal is to pratically eliminate the necessity for adjusting positions in a shot set up sequence and adopt the philosophy that the MI is always tuned up for transfers and no active tuning is required.  

The transfer from Accumulator to Recycler on  Friday July 30 is shown in  Figure 2. The changes to the sequencer were in place and the orbit was smoothed on the $29 cycle preceeding shot set up, but the orbits were still checked in the MI to verify positions. There were four transfers and the total time was approximately 45 minutes. The breakdown is shown below.  


Figure 2: State variables and machine current for Accumulator transfer on July 30.
The times at which the state variable was set are given to the nearest minute as:

04:27 
Shot set up started 

04:28 
Pbar sequencer indicated ready for MI tune up

04:30 
MI started their tune up

04:35 
MI finished their tune up


04:36 
Pbar beamline tune up complete


04:44 
Pbar ready for transfer



Recycler ready for transfer


04:47
first transfer


05:02
seventh and last transfer


05:12
stacking

The elappsed times for the various steps for this set up are:

	Point
	Time [min]
	State/Comment

	E
	5
	MI tune up (only 4 min after  Pbar issued “ready for MI tune up”

	A
	17
	Time between Pbar start set up and the “ready to tramsfer” state variable

	
	6
	Beam time for Pbar beamline tune up and injection TBT

	B
	3
	Time from “Pbar ready to transfer” to the 1st transfer

	C
	15
	Total time for 4 transfers (averaging 4 min/transfer)

	D
	10
	Time from the last transfer to revert back to stacking


If the Main Injector tune up can be eliminated such that the Pbar Source doesn’t have to wait for the MI to finish (this is dead time for pbar tuning), then segment A should be reduced by the length of secment E. In this case, segment A should shrink to 12 min. Additionally, if the “revert to stacking” was started immediately after the last transfer and went as smooth as the July 20th set up, then the stop-start stacking time could be reduced to ~35 minutes.

The last transfer examined, was on Sunday Aug 1 at about 14:30. Since there were Linac problems,  the transfer was taken without any reverse proton tune up between the MI and Accumulator to get a bench mark on how long the various Sequencers take to run without doing any tuning with beam.  There were seven transfers to the Recycler in a period of 1 hr 5 min from stop to start stacking. Figure 3 shows the state variable changes and the machine currents.  The times for each of the 

14:26 
Shot set up started 

14:30 
Pbar sequencer indicated ready for MI tune up

          
MI started their tune up

14:34 
MI finished their tune up


14:36 
Pbar beamline tune up complete


14:40 
Pbar ready for transfer



Recycler ready for transfer


14:43
first transfer


15:15
seventh and last transfer


15:31
stacking


Figure 3: State variables and machine current for Accumulator transfer on August 1.

The elappsed times for the various steps for this set up are:

	Point
	Time [min]
	State/Comment

	E
	4
	MI tune up  

	A
	14
	Time between Pbar start set up and the “ready to tramsfer” state variable

	
	0
	Beam time for Pbar beamline tune up and injection TBT

	B
	3
	Time from “Pbar ready to transfer” to the 1st transfer

	C
	32
	Total time for 4 transfers (averaging <5 min/transfer)

	D
	16
	Time from the last transfer to revert back to stacking


Shot Set Up History:

Since June 21 of this year, we have had 16 shot set up’s for Accumulator to Recycler transfers. Data on the time for state variable changes have been accumulated in an excell spread sheet. The values seen in the maximum time column usually reflect the impact of some problem and tend to skew the averages. The maximum times are not necessarly from the same set up, nor are the minimum, so the total min/max/avg. set up times are not calculated here. 

	Point
	Min Time
	Max Time
	Avg Time
	State/Comment

	E
	4
	101
	  17
	MI tune up  

	A
	17
	64
	 31
	Time between Pbar start set up and the “ready to tramsfer” state variable

This includes a wait time for MI to complete its tune up

	B
	1
	7
	 3
	Time from “Pbar ready to transfer” to the 1st transfer

	C
	5
	47
	 16
	Total time for  transfers (averaging ~4 min/transfer)

	D
	6
	48
	 15
	Time from the last transfer to revert back to stacking

	Total
	40
	123
	67
	


Time lines: 

Currently there are three time lines used for tune up and transfer process: TLG 23 for reverse proton beamline tuning, TLG 24 for reverse proton TBT tuning, and TLG 22 for the actual transfer. These time lines were adapted from the standard Tevatron Collider shot time lines. These are loaded by the Pbar Sequencer at the approprate times for tune up or transfer.

    
    Length   
Events

Start

 

TLG 23:   60 sec
$2B

  0 sec



         


$8E/$80     
10 sec






$2D/$93
15 sec, 30 sec, 45 sec

 

TLG 24:   36 sec
$2B

  0 sec






$2D/$93
  5 sec






$2D/$E2/$E3
10 sec



         


$8E/$80     
21 sec






$2D/$93
25 sec 
 


TLG 22:  33.6 sec
$91

  0 sec







$2D

10 sec






$2D/$E0
21 sec



Conslusions/recommendations:

Main Injector:

Initial modifications to the MI Sequencer and SY120 Sequencer (added orbit smooth when turning off slow spill) have reduced time required for the MI set up.  The philosophy change of setting orbit on $29 cycle while stacking, and checking extraction kicker voltage program (rather than the extraction orbit) , modification to the time line for shot set up, and additional sequencer changes should further reduce/eliminate MI set up time required. Effort should be to continue to further reduce/eliminate dedicated set up time.

Recycler:

Currently, the only set up required in the Recycler is to position the cold beam bucket and grow the  injection barrier bucket. This process takes approximately 2 minutes or less. This is typically done sometime before the Pbar Source is ready for transfers. Currently, the mode the Recycler has adopted is that it will take anywhere from 2 to7 transfers, depending on studies or information needed from the transfers. After each transfer the injected beam is merged into the stack and the injection barrier is re-established. This takes between 4 to 5 min to merge the newly injected beam into the core and be ready to accept a new batch of pbars.  For two transfers, pbar can return to stacking after (n-1)*5 min, where n = # transfers. Once electron cooling comes on line, this mode will be modified slightly. There are no immediate sugestions for reducing transfer time.

Pbar:

 Currently the fastest the Pbar sequencer was able to unstack for the first transfer is 17 min (with no proton tune up) and the fastest time to return to stacking is 6 min (on July 20). Performing a beamline tune up and TBT closure adjustment into the Accumulator generally adds an additional 6 to 7 min. to the set up time, if all goes well.

So, if no further changes take place and no reverse proton tune up (beamline and TBT) is done the minimum time for two transfers appears to be ~ 28 min, while including reverse proton tune up will bring the time up to ~35 min. 

However, inspection of the Pbar Sequencer Fast Recycler Aggregates, it is clear that some of the steps/ commands could be eliminated (c.f. setting the 4-8 Ghz cooling, etc. ), some steps could be re-arrainged (move the TLG loading and configuration of AP1-AP3 to the very beginning of the sequencer, shift PSHOOT state settings to more approprate timing).  Although it appears that a significant time could be shaved off the tune up process, the detailed re-organization is left up to the Pbar Sequencer experts. 

During the shutdown the AP1 line is scheduled to receive 465 ramp cards. This will lead to further minimization in shot set up time and will move us toward the direction of TLG directed transfers. Some of the suggested Pbar Sequencer changes will naturally occur after the shutdown, but it would be benificial to try to optimize some of the commands  and test on Recycler transfers prior to the shutdown.

Time Lines:

For the transfers between Accumulator and Recycler, one would like the timelines for the tune up and transfer to be identical and to closely approximate the stacking timeline used when the MI orbit and Dp/p is adjusted. The Tevatron and Recycler Resets can be eliminated from this time line.   

The TLG modules 23 (used for beamline tuning) and 24 (used for TBT injection into the Acumulator) could be be consolidated into a single 26 sec module of consisting of 4 stacking modules(no beam) and a single reverse proton module.  .  This would serve two purposes: 1) it would better approximate the MI current history during stacking and second provide a more stable injection orbit. In the same manner the TLG used for the transfer should have  a $91 at the beginning and 4 stacking modules just prior to the $2D/$E0 injection cycle to keep the ramp history much closer to that used for tune up. Below are the suggested modifications:

TLG23:   26 sec
$29/$8E/$80 (no beam)
   1 sec






$29/$8E/$80 (no beam)
   6 sec




$29/$8E/$80 (no beam)
 11 sec




$29/$8E/$80 (no beam)
 16 sec




$2D/$93


21 sec



TLG 22:   26 sec
$91



  0 sec






$29/$8E/$80 (no beam)
  1 sec






$29/$8E/$80 (no beam)
  6 sec






$29/$8E/$80 (no beam)
11 sec






$29/$8E/$80 (no beam)
16 sec




$2D/$E0


21 sec


The $80 could be left out if not needed by the  Pbar Source.
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