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In general, the expected beam size in the quads’ star chambers is not thought to be a problem and therefore the orbit offset with respect to any quad center is not an aperture limitation. However, the components between the quads can be aperture limitations. In some cases, the components are on motorized stands and can be positioned such that the component is centered upon the beam. In other cases the components are not movable and the orbit should be adjusted to maximize the aperture. To first order, an orbit going through the center of the quads should go through the center of the non-movable component. Having an orbit centered in the quads should have the motorized stand components near their original set position; during the last shutdown it was easily visible that components have been moved about the orbit since many beam pipe bellows show kinks that the human eye can determine. In addition, it is good practice that the beam goes through the center of the quads for “good field” considerations; this is especially true for the large initial beam in the Debuncher.
The orbit offsets with respect to the quad centers have been determined. These offsets are then used for correction. There is generally iterations to minimize the orbit offsets with respect to the quad centers.
The following P60 parameter pages are used for retreat and setting dipole trims: <DEB10><37>, <DEB30><37> and <DEB50><37>. P144, Deb. Lattice, is used for calculating the correction. The motorized quad stands are controlled via P169, New Debunch. Bumps. 
On Nov 26, an attempt was done to a complete vertical orbit correction to all 65 orbit-quad offsets. This did not work well at all: a check of orbit offsets with respect to the quads afterward showed that as many offsets decreased as increased. Next an attempt was done to do part of the Debuncher ring at a time. Eventually with small enough sections of the Debuncher, the vertical orbit was corrected to the quad centers by Nov 30. Due to using the orbit-quad offset correction constraints for quads on motorized stands were being used as correction elements, a global or large area for correction was not possible. P144 does not know how to handle an offset constraint when the correction is going to physically move the quad.  Below is an overview of how to approach correcting the Debuncher orbit to the center of the quads.
First one must determine which section of the Debuncher to work. By limiting the number of constraint-correction quads being used, one can arrive at a correction usually in a few iterations. The same motorized quad stand can be used by adjacent sections. If the motorized quad stand is at the edge of the section being corrected and its orbit offset can be determined, the offset is determined but not used for constraining the fit. Also, in the course of trying to correct, motorized quads with offsets are sometimes removed from the constraints of the desired correction but are still used as correction devices. Even though the method used in November was not done this way, the pairing of certain quad shunts would make the correction of orbits go faster (hopefully, in the near future the horizontal orbit will be set to go through the center of the quads). One should start in the center of the straight sections and work outward towards the center of the arcs; see table.
	Section
	Quad Centers
	Motorized Stands
	Trim Dipoles

	Q603 to Q103
	603, 602, 1Q0, 102, 103
	604, 602, 103, 105
	H102

	Q104 to Q110

Q604 to Q610
	104, 105, 106, 108, 109
604, 605, 606, 608, 609
	103, 105, 108, 111
604, 605, 607
	H109                   V107
H610, H611        V610

	Q111 to Q2Q0

Q611 to Q6Q0
	115, 117, 119
615, 617, 619
	111, 117, 2Q0
612V, 614, 617, 6Q0
	H109
H610, H611        V610

	Q203 to Q303
	203, 202, 3Q0, 302, 303
	204, 202, 304
	H301, H302        V301

	Q204 to Q210

Q304 to Q310
	204, 205, 206, 208, 209

304, 305, 306, 308, 309
	204, 210
304, 306, 309, 312
	H206                   V206

	Q211 to Q2Q0

Q311 to Q4Q0
	213, 215, 217, 219

313, 315, 317, 319
	210, 214, 217, 2Q0
312, 317, 4Q0
	

	Q403 to Q503
	403, 402, 5Q0, 502, 503
	503, 504
	H405, H403, H501
      V406, V403, V401

	Q404 to Q410

Q504 to Q510
	404, 405, 406, 409

504, 505, 506, 509
	408, 409, 410
504, 506, 509, 512
	

	Q411 to Q4Q0

Q511 to Q6Q0
	413, 415, 417, 419

513, 515, 517, 519
	410, 414, 417, 4Q0
512, 517, 6Q0
	


The orbit-quad offsets for the section of interest are determined. Under the “Correct Orbit” menu of P144, the offsets are entered by “Edit BPMs” in VIRT mode. This mode allows constraints to be put anywhere there is a lattice element that P144 knows about. The offsets are determined for the middle of the quad. The lattice has the quad split as Q### and Q###D, where the latter is the down stream part of the quad. The offset value is entered as a virtual BPM position for Q###. In addition to the orbit-quad offsets for the section of interest, 0.0mm virtual BPM positions need to be set numerous places out side of the correction region so as to keep the correction local and not affect any previous sections that have been corrected. 
After the virtual BPM orbits have been set, then the correct set of correction elements must be selected using “Edit Trims”. Trim dipoles are in the left half of the window and all quads are listed in the second half of the window. Unmask the appropriate correctors (see above table).

Then a correction can be calculated by “Calc” and “Correct”. The SVD tolerance and masking of correctors and/or virtual BPM positions can be done to find a reasonable fit that does not ask for large or infinitesimal changes. 
Hard copies of the screen showing the changes were obtained at this point. The sign of all correction changes were then changed on the printouts. (The “polarity” of the offsets could have been changed instead of doing this step.)

The trim dipoles are then changed by the indicated amount via the parameter page. Moving the quad stands is more involved. After “Motor Quads Horz” or “Vert Motor Quads” is selected under the “Plane & Sector” menu of P169, an appropriate quad stand is selected under the “Select Bump” menu. The desired change in mm for the correction, including the sign, is entered. To execute the change, the “Out” or “Up” button is pressed after activating the “Move Bump” menu item. After the motorized stand has completed the “Quit” button keeps from accidentally from moving the quad stand more. Then one can select another motorized quad stand, put in the appropriate mm change and then execute the move. 

After all changes have been made, the orbit is checked to make sure that it is local and then the orbit-quad offsets need to be re-determined to check that the orbit is going through the center of the quads or be the virtual BPM positions for the next iteration. If all of the orbit-quad offsets are less than 1mm, then the section is done. A motorized quad orbit offset can be allowed to be larger than 1mm for the purpose of being used as a correction device. 
The vertical orbit was corrected and the difference orbit between after and before is shown below. In several places the vertical orbit-quad offsets had been up to 10mm before the correction.
[image: image1.emf]

The horizontal orbit has not been corrected with the exception of the AP2-Debuncher injection region. It should take four to six shifts to correct the orbits mainly driven by the time it takes to do the determinations of the orbit-quad offsets that are done as part of the iterations. The believed horizontal orbit-quad offsets are shown in the table.
	Quad
	Orbit

Offset (mm)
	
	Quad
	Orbit

Offset (mm)
	
	Quad
	Orbit

Offset (mm)

	1Q0
	–3.3
	
	3Q0
	–4.4
	
	5Q0
	–0.5

	102
	–1.7
	
	302
	+0.2
	
	502
	+0.2

	103
	+0.3
	
	303
	+4.8
	
	503
	–2.4

	104
	+2.6
	
	304
	+4.0
	
	504
	–1.5

	105
	+1.0
	
	305
	+10.4
	
	505
	+5.8

	106
	+3.6
	
	306
	–1.0
	
	506
	+2.9

	108
	+2.1
	
	308
	–2.2
	
	509
	–6.7

	109
	+1.7
	
	309
	–4.1
	
	513
	+2.2

	115
	–4.0
	
	313
	–2.7
	
	515
	–1.9

	117
	–4.0
	
	315
	–2.7
	
	517
	–7.8

	119
	+2.0
	
	317
	–3.5
	
	519
	–3.9

	219
	+4.5
	
	319
	+2.7
	
	619
	–0.4

	217
	+1.4
	
	419
	+4.2
	
	617
	–1.3

	215
	–0.1
	
	417
	+1.0
	
	615
	+1.8

	213
	–4.3
	
	415
	0.0
	
	609
	–2.6

	209
	–0.2
	
	413
	–6.3
	
	608
	–0.4

	208
	+0.6
	
	409
	–2.0
	
	606
	+0.9

	206
	+1.8
	
	406
	+1.3
	
	605
	+7.4

	205
	0.0
	
	405
	+0.9
	
	604
	+3.0

	204
	–1.7
	
	404
	–2.8
	
	603
	–1.1

	203
	–2.0
	
	403
	–1.6
	
	602
	–1.6

	202
	–5.7
	
	402
	+0.2
	
	
	


The problems encountered during the process (some mentioned above) are summarized here. The process is prone to errors when making the correction due to have to keep the signs correct. However, checking the locality of the correction keeps this simple slip-up from propagating. The virtual BPMs’ errors are hard coded as 0.5mm and are not changeable and may possibly be not be used in the correction scheme. For the poor fits of the orbit-quad offsets, it might be beneficial to be able to change the weight of any particular BPM by changing the error. 
Action Items:

1) Steer the horizontal orbit to the center of the Debuncher quads
2) Code P144 to allow for different error sigmas and to have them used in calculating corrections

