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Most components of the Debuncher were set to be on the centerline of the Debuncher quads. The beam pipe through the Debuncher quads are star chambers with a Beam Position Monitor (BPM) attached at one end. The pipe and BPM are not required to be on the centerline of the quads since the star chambers are physically smaller than the quads’ coils; for the most part these “rest” in the quads but can be “positioned” by the pipe connections to other components. Since it is desirable to correct the orbit to go through the center of the quads, being able to determine the orbit offset to the center of the quads is required.

The basic idea is well known: change a quad’s gradient and beam that is going off-center through the quad will receive a dipole kick; knowing the change in gradient and measuring the dipole kick via a BPM system, one can determine the initial orbit offset with respect to the quad center. In the Debuncher there are 65 quads (Nov 2005) where the gradient can be easily changed. However, a majority of these are controlled in pairs; hence there can be two quads giving dipole kicks.

The process was the following: 1) take a reference orbit using the BPM system; 2) change a quad excitation, or the excitation of a pair of quads, using current shunts or a power supply; 3) take another orbit; 4) form a difference orbit; 5) from the difference orbit determine the dipole kick(s); 6) determine the orbit offset from the dipole kick(s) and the change(s) in quad excitation(s). Reverse proton beam is used. Booster needs to be setup for 1-turn 35-bunches. Beam was acquired using a “one-shot” time line available via a sequencer aggregate which also controls the beam switch and takes care of turning ON and OFF the appropriate kickers and septa. The Pbar Debuncher Beam Prep java application is used to bunch the beam at the appropriate frequency of 590018Hz. 
Orbits were acquired from the BPM system and stored using the Pbar Debuncher BPM java application. Prior to starting the acquisition of the BPM data, the averaging was set from one second to eight seconds by changing the ACNET parameters D:BPMFI# (debbpm # filter pts(box)) from 1000 to 8000 (P57<DEB2><24>). Two instances of the java application were used during the course of taking orbits. One instance was used to look at “Update Live Data” and to save/record the orbits. The second instance was “Update Live Data Minus Recalled Record” showing a difference orbit, where a recent reference orbit is used to see the dipole kicks when quad excitation(s) was changed and after quad settings were restored to see the overall change in orbit due to magnet hystereses. If the “reference orbit” drifted significantly over time due to the changing and restoring of quad excitations, then the Debuncher busses were cycled.

Before saving any orbit using the first instance of the Debuncher BPM java application, the BPM intensity needed to be checked and the application needs to be settled. The BPM intensity was monitored using Fast Time Plot (FTP) “Debuncher BPM Intensity signal” (restore P-bar FTP #47); it is recommended that D:BPMAD2 be greater than -70dBm and best results are when greater than -60dBm. To make sure that the BPM system was not averaging while the quad excitation(s) was being changed, an orbit was not recorded until twenty seconds passed after finishing a change of the quad current(s). In addition, the java application (updating every two seconds) would appear to change values for a BPM house then back again. Since the front end was only updating the values every eight seconds, this “flipping” of the BPM values is a problem of the java program readout. The live data display was observed to not flip for several update periods before stopping the java application’s data acquisition in order that the orbit could be saved.
The changing of quad current(s) was done via parameter pages. Since the Debuncher is operated near the ¾ tune, it is very easy to change a quad excitation enough to cause beam lost. The settings were knobbed and FTP #47 D:IBEAM and D:BPMAD2 were watched for lost intensity. The goal was to change most of the shunts by 5A to 10A. The direction of change was mostly determined by the initial setting. Occasionally, the direction and amount of change were set by circumstances of observed beam loss. The amount each ACNET device setting was changed is shown in the table.
	ACNET

Device
	Quad(s)
	Setting

Change
	
	ACNET

Device
	Quad(s)
	Setting

Change

	D:Q101RF
	1Q0
	+10A
	
	D:Q309RF
	209, 309
	+5A

	D:Q102RF
	102, 602
	+15A
	
	D:Q313RF
	213, 313
	+5A

	D:Q103RF
	103, 603
	–14A
	
	D:Q315RF
	215, 315
	+5A

	D:Q104RF
	104, 604
	+15A
	
	D:Q317RF
	217, 317
	+5A

	D:Q105RF
	105, 605
	–10A
	
	D:Q319RF
	219, 319
	+5A

	D:Q106RF
	106
	+15A
	
	D:Q205RF
	205
	–80A

	D:Q108RF
	108, 608
	+15A
	
	
	
	

	D:Q109RF
	109, 609
	+5A
	
	D:Q501RF
	5Q0
	+10A

	D:Q115RF
	115, 615
	+5A
	
	D:Q502RF
	402, 502
	+10A

	D:Q117RF
	117, 617
	+5A
	
	D:Q503RF
	403, 503
	–10A

	D:Q119RF
	119, 619
	+5A
	
	D:Q504RF
	504
	+15A

	D:Q606RF
	606
	–80A
	
	D:Q505RF
	505
	–10A

	
	
	
	
	D:Q506RF
	406, 506
	+15A

	D:Q301RF
	3Q0
	+10A
	
	D:Q509RF
	409, 509
	+5A

	D:Q302RF
	202, 302
	+10A
	
	D:Q513RF
	413, 513
	+5A

	D:Q303RF
	203, 303
	–10A
	
	D:Q515RF
	415, 515
	+5A

	D:Q304RF
	204, 304
	+15A
	
	D:Q517RF
	417, 517
	+5A

	D:Q305RF
	305
	–10A
	
	D:Q519RF
	419, 519
	+5A

	D:Q306RF
	206, 306
	+15A
	
	D:Q404
	404
	–50A

	D:Q308RF
	208, 308
	+15A
	
	D:Q405RF
	405
	–80A


The “Correct Orbit” menu bar item of P144 (Deb. Lattice) application is used to do the rest of the offset determination. The orbit records saved by the java application are retrieved using “Read BPMs” to form a difference orbit. One can choose a “Plane” and also choose to “Edit BPMs”, in “NORM” mode, to mask out bad BPMs. 

The offset determination is then done by using the “Quad Center” part of P144. After a quad is entered, P144 knows which quads are paired and a second window is opened showing the second quad. The amount of setting change is then entered; P144 knows about shunts and will go out and read the power supply and shunt settings, assuming these to be the nominal values. This is done when one initiates “Calculate”. The resulting offsets for both planes for the quad(s) are then shown. Displayed in separate windows are the difference BPM values and the expected orbit for the dipole kick(s) caused by the orbit being offset in the quad(s). The user then made an assessment whether the fit was valid. When the offset is less than <1mm, the fit tended to look not good. However, the difference orbit was very small and therefore the offset is believed to be small. The offsets were then recorded for future orbit correction. 
The first pass of determining the orbit offset (Nov 25 & 26; orbit records 916 to 1315) was done for the nominal orbit and for a series of dipole trim one-bumps (D:H501, D:H403, D:V401 and D:V403 were changed -5A and +5A). This was mainly to commission P144 fully and to make sure that at least a pair orbits were taken where the beam was off center in the quad since the pair of trims in each plane are 90 degrees phase advance from each other. From these data, one can also determine the BPM center to quad center offset; see table. In addition, it showed that only the nominal orbit needs to be done, since it gave consistent results with the orbits from the trim dipole one-bumps. 
	Quad
	H BPM

Offset (mm)
	
	Quad
	H BPM

Offset (mm)
	
	
	Quad
	V BPM

Offset (mm)

	1Q0
	–2.1
	
	419
	–0.8
	
	
	102
	+0.5

	103
	+1.6
	
	417
	–2.9
	
	
	104
	–1.3

	105
	+4.1
	
	415
	–4.7
	
	
	106
	+1.6

	109
	–1.0
	
	413
	–1.9
	
	
	108
	+3.2

	115
	–3.7
	
	409
	–4.7
	
	
	208
	+4.2

	117
	–2.3
	
	405
	–3.1
	
	
	206
	+5.1

	119
	–2.9
	
	403
	–1.4
	
	
	204
	+7.6

	219
	–1.7
	
	5Q0
	–3.7
	
	
	202
	–2.0

	217
	–2.7
	
	503
	–3.0
	
	
	302
	+0.4

	215
	–3.4
	
	505
	–5.1
	
	
	304
	+2.1

	213
	–3.3
	
	509
	–4.8
	
	
	306
	+1.4

	209
	–1.1
	
	513
	–1.8
	
	
	308
	+4.0

	205
	–6.1
	
	515
	–3.8
	
	
	406
	–1.6

	203
	–1.3
	
	517
	–3.3
	
	
	402
	–10.7

	3Q0
	–2.3
	
	519
	–4.7
	
	
	502
	+4.8

	303
	+1.2
	
	619
	–2.7
	
	
	504
	+3.5

	305
	+12.8
	
	617
	–2.6
	
	
	506
	–1.7

	309
	+0.3
	
	615
	–3.9
	
	
	608
	+5.1

	313
	–2.9
	
	609
	–1.3
	
	
	606
	–2.7

	315
	–3.1
	
	605
	–0.1
	
	
	604
	–2.2

	317
	–2.2
	
	603
	–0.5
	
	
	602
	+2.6

	319
	–2.0
	
	
	
	
	
	
	


The problems encountered during the process (mentioned above) are summarized here. The “flipping” of the BPM readout values by the java application. I believe it has to do with the fact the BPM data are within an array. The data retrieved by the java application occasionally gets offset within the array causing a “flip” for a single update even though the front-end has not changed the array values. It would probably take a lot of time to track down the data handling problem; waiting for the live data display to be stable is acceptable. The other is the fit to small difference orbits can give large orbit offsets due to trying to fit noise. The user may take another set of difference orbits with a larger change of the quad current. 
It is noted that P144 will have to be updated if the controls that pair quad shunts together is broken for lattice control considerations. This procedure will be needed again in the near future for work on the Debuncher horizontal orbit. Also note that if the quad shunt for Q113 is repaired then offsets of Q113 and Q613 can be determined.
Action Items:

1) Change P144 for when the pairing of quad shunts have individual control

2) Repair Q113 shunt

