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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.
The orbit offsets with respect to the quad centers are determined. These offsets were then used for correction. Generally several iterations are needed to minimize the orbit offsets with respect to the quad centers.
The following parameter page is used for retreat and setting dipole trims: P60<INJ><27>. P143, APX. Lattice, is used for calculating the correction; “AP2” is chosen under the “Beam Line” menu bar item.
The orbit-quad offsets for the section of interest were determined. Under the “Correct Orbit” menu of P143, the offsets were entered but “Edit BPMs” in VIRT mode. This mode allows constraints to be put anywhere there is a lattice element that P143 knows about. Orbit-quad offsets were determined for the middle of the quad. The offset value was entered as a virtual BPM position for Q###. If the attempt was to make a small localized correction, then 0.0mm virtual BPM positions need to be set numerous places out side of the correction region. 
After the virtual BPM orbit had been set, then the correct set of correction elements was selected using “Edit Trims”; unmask the appropriate correctors. A correction was 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. 
Once a set of corrections was settled upon, they can be implemented from “Send Trims”. The user should check to make sure that all trims settings will be set out.  There was an occasional problem where P143 thought it was be asking to set a correction device outside of its limits and would mask the device. In these cases, the user had to set the correction device by hand. After any/all hand setting(s) was done, a “SEND” with “Cancel” of stepping through the change executed the full change. 

The orbit-quad offsets were then checked to see if another iteration of correction was needed. The goal was to have as many as possible orbit-quad offsets to be less than 1mm.
Using reverse protons, the orbit was corrected from the Debuncher up AP2 to Q715; further upstream was not possible due to the limitations of determining the orbit-quad offsets. Once these downstream AP2 positions were established (Dec 7, 2005), the correction elements to achieve the desired orbit (unchanged for the upstream end and to the quad centers for the downstream end of AP2) are set for the downstream end of AP2 and the injection region into the Debuncher.
Stacking was re-established. AP1-target dipole trims (HT107 and VT108) and upstream AP2 correction devices (PMAG, VT702, HT704, VT704, H704, VT706, HT711 and VT711) were used to steer the beam onto the desired downstream BPM values of the reverse proton orbit. Then, the secondary beam was used to determine the orbit-quad offsets for the upstream quads only using the downstream BPMs. These virtual BPM values were fed back into the steering program while constraining the downstream end to not change. The possibility of the secondaries beam scraping makes it a very iterative and slow process to make improvements. In fact, it can be argued that the orbit in the first set of quads has not been centered.
Below is a difference orbit due to the corrections: orbit prior to December 2005 subtracted from the final orbit. Note that there is up to a 2cm change in the orbit. Also note that the orbit position and angle at the end of the line have changed quite a bit.
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In addition to the problems encountered during the process mentioned above, a few more are discussed now. 
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 a 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. 
One dipole shunt, D:HS7172, was missing due to previous problems; it should get fixed at the next opportunity. In addition, it became obvious that there are not enough dipole correction devices to have the control necessary to stay centered in the smaller apertures. 

The following regions are considered to have small apertures and should be steered to the center of them in the next round of orbit corrections: 

1) horizontally next to the 120GeV beam dump so that high amplitude particles that are off-momentum are transmitted; 

2) vertically in Q702 and Q703 due to the large vertical beta function;
3) vertically through the six dipole bends in the center of AP2 due to the rectangular beam pipe though the dipoles;

4) the overall strength of the main AP2 bend so that high amplitude particles that are off-momentum are transmitted; 

5) horizontally through the dipole that bends the beam down from the ceiling towards the Debuncher;

6) both planes through the AP2 beam pipe in Q405 of the Debuncher; and 

7) horizontally through the injection septum
Short discussions of the seven areas of concerns follow. The control for area 1) is the AP1 orbit and strength of PMAG; there is no way of determining the orbit here and the method is to maximize throughput of antiprotons to the Debuncher. The orbit through area 2) is determined by the orbit in AP1; using the orbit-quad vertical offset determinations for the upstream AP2 quads, beam should be able to be steered to maximize the aperture. The are no nearby vertical dipole trims for correcting the orbit going into the main AP2 bend; a dipole trim or two should be added (the nearest is VT711) to help with 3). The dipole shunt needs to be re-installed for 4) and the method is to maximize throughput of antiprotons to the Debuncher. An additional horizontal dipole trim to HT727 is needed to set the orbit through the area 5). Currently, the area between V730 and the Debuncher is packed and there is no more room for additional correction devices; V703+VT730 and HT730+HT731 given enough control to set the orbit position and angle for 6) and 7); need to steer to the center of the apertures (note that these correctors set the BPM positions at then end of AP2; see figure above).
Action Items:

1) Arrange for three new AP2 trims to be installed – two vertically prior to the main AP2 bend and one horizontal prior to the downward bend.
2) Re-install D:HS7172.
3) Code P143 to allow for different error sigmas and to have them used in calculating corrections

4) Steer to the center of the apertures listed above.

5) Fix P143 “Send Trims” of masking random correction devices.

