Lattice measurements in the AP2 beamline.
(procedure)


V.Nagaslaev

I. Introduction.

Design (“paper”) lattice functions in the beam line can be calculated the same way as for the ring machines using known excitation curves in the focusing elements, with one substantial difference:  there is no closing (periodic) condition and all the functions have to be matched to those of the source that is normally another machine or beam line upstream. In other words, the solution for lattice functions requires initial conditions at the starting point. For the AP2 line the initial conditions have to be calculated at Debuncher extraction point or at the target, depending on the direction of the beam in the process of measurement. Lattice may be calculated either way whether using secondaries from the target or protons from the Debuncher, but these measurements can only be consistent if functions are properly matched between all the machines and beam lines of the whole chain.
The same way as it’s been described in the previous note for the ring machines, calculation of exact functions compared to design lattice can be done by optimizing the response matrix and varying the focusing errors. These calculations currently are not supported by the LOCO software but normally the beam line calculations do not require so rigorous calculations and the whole problem may be reduced to the semi-manual processing, which however still requires substantial skills and should be considered as highly expert mode task.
Two things are necessary for this task: the optics calculation program and a good graphics interface to interactively plot current response matrix versus the measured one. These two components are provided by the OptiM program. 

II. Measurements.


Here is the sequence with the reverse protons from the Debuncher:
1. Prepare AP2 BPMs. If the BPMs are set for the stacking mode, scripts should be run (procedure described in Bill’s BPM page) to set up RevP mode.

2. Set up RP injection from the Debuncher. See separate write up for this procedure.
3. Run P163 ACNET application. Choose AP2 line, set up correctors. Typical set of correctors is built in the P163, nominal kicks are 10 A on all of them.
4. Choose “Run All” in the “TakeData” Menu. 

5. When 4 differential orbits are taken, P163 will be expecting you to make the dispersion measurement. In order to make this measurement, injection energy must be changed. The exact way of doing this depends on the injection procedure.

6. After the energy change is done, or even if you chose to skip it, run “take for dispersion from the “Take Data” menu.

7. To complete measurement one needs to return to normal energy and take one more measurement of the raw orbit (last line in the “TakeData” menu).

8. After measurements are done, you have to save them. And you MUST save the magnet currents, too. This can be done by selecting SaveData/Save All. 
9. After the save is done, it is a good idea to look at the data using the BPMViewer application. This the Windows application and it is installed on most consoles. Start the application and select File->ChooseLine->AP2. Then select File->PlotMeasurement. You will have to navigate to the measurement in the file system:  //vax_pbar/diforb/ap2/”LastDateFolder”/”AnyFile”. This will produce a plot like this:
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You may need to adjust plot margins left-clicking on the axis labes.

III. Lattice calculations.


As it’s been already pointed out, the lattice calculation is currently the expert mode. In brief, it can be described in the following steps:
1. Run OptiM, load the AP2 lattice file and quad currents recorded during the measurements.

2. Make plots of the orbit excitations produced by the variable initial conditions.

3. Plot measured differential orbits.

4. Adjust initial conditions so that at least the beginning parts of the traces reasonably agree.

5. Try to correct quad strengths in the locations where curves start to deviate.

6. When all the line is done, repeat from point 4.

