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The AP2 beam line transports secondaries from the antiproton production target to the Debuncher. The antiprotons are a small component of the secondaries: less than 1%. It is important to transport as many antiprotons as possible to the Debuncher. All beam line elements are thought to be aligned and therefore it is desirable to have the beam go through the center of the quads. Therefore, we wish to have a way to determine the orbit offset with respect to the quad centers.

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 Beam Position Monitor (BPM) system, one can determine the initial orbit offset with respect to the quad center. In the AP2 there are 33 quads (Nov 2005) of which 22 have the capability of having its current changed individually and there are another pair of quads which are bussed together (Q718 & Q721). Q727 is bussed together with four other quads of which the other three of individual shunts with a pair of them at opposite extremes; Q727 cannot be individually controlled. There is also a string of quads, Q707 to Q714, bussed and none have shunts. Due to Q724 being nominally without current for the AP2 lattice prior to December 2005; Q724 was ignored for the study period. Each quad star chamber has a single BPM attached to it; there are 16 horizontal and 18 vertical BPMs of which one is a new additional BPM located just before Q405 of the Debuncher.

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). 
Determination of the orbit-quad offsets cannot be done using only reverse protons or stacking secondaries beam. Due to the limited number of BPMs and the Q707-Q714 buss configuration, the orbit-quad offsets for Q715 to Q733 were determined using reverse protons. Due to the unknown secondaries distribution, only BPMs downstream of the “left bend”, BPM722 to BPM734, are used to determine the orbit-quad offset for the first six quads of the AP2 beam line.
Reverse proton beam setup needs to be beam bunched by DRF1-8 just prior to extraction from the Debuncher, also known as “extraction up AP2 of circulating Debuncher beam”. Booster needs to be setup for 1-turn 7-bunches. The repeat period for most of the study period was fifteen seconds (ten seconds is possible and not violate the beam budget). Determination of orbit-quad offsets during stacking requires no special setup.
The AP2 BPMs require a script to be played prior to data taking dependent upon the mode: reverse protons or stacking. The scripts are activated via web page: https://pbardebuncher.fnal.gov/wja/docs/ap2bpm/ . Data acquisition is done using the “AP2” part of the java application Pbar Beamlines BPM Program. The “TCLK Event” and “Delay mSec.” need to be set for the beam mode: reverse protons should be 2000ms after $87 and stacking should be 1500ms after $81. One of the “Live” buttons needs to be active and then data acquisition can be started for the desired number of “Beam Passes” (five was used in Dec 2005). One might have to also “DetectorSelect”, under the “IntensityThreshold” menu item, a BPM closest to where beam is being injected into AP2 to ensure that data is collected. After the desired number of beam passes has occurred the display shows an average and rms of each BPM position. If this is acceptable, then the orbit is saved. 
The quad excitations were whatever the most change a quad shunt would allow. For changing the quad excitation using a power supply, the change was limited to 20A. A good parameter page to use is P60<INJ><37>.
After choosing “AP2” under the “Beam Line” menu bar item of P143 (APX. Lattice) application, the “Correct Orbit” menu bar item is used to do the rest of the offset determination. The orbit records saved by the java application are retrieved using “Read BPM File” 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 P143. First, the reference quad current is entered; it relies on the user able to do the math of subtracting the nominal shunted current from the power supply. Next, the excited quad current is entered. Then the appropriate quad(s) is unmask.  The orbit-quad offset is calculated by “Calc” followed by “Correct”. The resulting offset for the plane chosen for the quad(s) is then shown. Also displayed 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 and may need to change which BPMs are masked or the SVD tolerance. When the offset is less than <1mm, the fit tended to look not good. However, a small difference orbit is usually the case and therefore the offset is believed to be small. The offsets were then recorded for future orbit correction. 
The following shunts were not functioning properly during this study period: D:QS717 shunted only 4A and is rated for 20A; D:QS719 shunted only 11A and is rated for 30A; and D:QS720 shunted only 12A and is rated for 30A. The initial reverse proton determination of the orbit-quad offset was done on Dec 7, 2005. 
The problems encountered during the process (some are mentioned above) are summarized here. The quad shunt situation, lack thereof or broken, caused problems. Another 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 for a larger change of the quad current; however, when one of a pair still shows a good fit then the fit for the small offset quad was noted.
The following are items that would make the orbit-quad offset determination process better. Since Q727 does not have a shunt and is part of a buss of four quads where the other three have shunts with a pair of them being at opposite ends of the shunt range, the buss can be varied and two of the shunt changed the same amount and then fit for possibly two orbit-quad offsets. For a newly implemented AP2 lattice, Q724 is now powered and there should be no problem in the future. The Q707 to Q714 bussed string is a problem that is easy to solve (eight shunts) but maybe hard to implement. Another possibility is to separate the buss into two or three parts where each new part would have a new supply. In either case, the amount of work probably does not outweigh the benefits. 
