Lattice measurements in the Debuncher.
(procedure)


V.Nagaslaev

I. Introduction.

Lattice functions in the ring machine can be calculated using the known excitation curves in the focusing elements – quadrupoles, sextupoles, octupoles, etc. and corresponding power supply settings.  However, functions obtained this way (design optics) would not be accurate due to several reasons. The main reason is that the fields in magnets are not exactly the same as expected. Besides that, there are many additional factors that need to be taken into the calculations, too, such as additional multipole field components in magnets and rolls of magnets.
    In real life it is impossible to measure all these errors. Beta-functions at the quad locations also can be measured directly, but precision of these measurements is not nearly satisfactory. It is much more practical to measure the orbit response to various excitations and compare those to the model that takes into account all possible variations and errors. This is called the method of response matrix optimization. In our case we bump the orbit with one corrector at the time and measure the response of each of the BPMs to each of the correctors. These measurements should be compared with the calculated matrix. For these model calculations we are using the OptiM program. All the parameters that need to be taken into account should be described in the model as a vector of variables. Therefore, the process of optimization is varying this vector and finding such a solution that would minimize the difference between the model and measured response matrices.
    There is a software tool developed specifically for this task – LOCO program that currently runs on the Linux farm Heimdall. This program was initially developed in Argonne Lab, and then recently adopted at Fermilab. It’s been successfully used for the lattice studies and new low beta optics design at the Tevatron. Detailed description of this program can be found elsewhere and will not be discussed here. The nice feature of LOCO is that it is varying the wide range of parameters – not only the quad and power supply errors, but also the individual BPM and corrector gains, magnet rolls and dispersion in both planes. In case of coupling it forces OptiM to use the correct 6D transform matrix calculations and 4D beta-functions. 
II. Measurements.


Here is the recommended sequence of lattice measurements:

1. Inject reverse proton beam to the Debuncher. (see Keith’s instructions. Use 35 bunches, 2-3 turns and one-shot timeline to maximize the BPM signal)
2. Scrape away unbunched beam (D:RJ410F) and move bunched beam to the central orbit (f=590018), use BeamPrep application.
3. Measure and record tunes (expect Qx=0.764, Qy=0.785 )
4. Make sure BPM intensity signal is high enough (D:BPMAD2). Keep ftp plot (#47) on the screen for monitoring.
5. Check BPM integration time setting (P57/deb2/24 1000 corresponds approximately to 1sec, for the Accumulator  P57/accum60/25, follow the comment)

6. Run P165 application. For the good BPM precision, check that BPM integration time is set to 1sec and BPM delay is set to 2 sec, number of samples is 10 or more, BPM event $0F.

7. Run  Tools/“Take all in loop”

8. Run Tools/”Take Dispersion”.  Dispersion in the Debuncher is to be measured in manual mode, that is, for each of N (D=5) measurements one needs to manually change the energy. Typical frequency step is 4 Hz. For each measurement the comment box will pop up. Type in details, in particular, the frequency setting.
9. 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. The program will save everything in the appropriate VAX disk location. For the data it creates 3 structures: the multifolder OptiM-type structure that can be read out by the OptiM tools for a quick check, a single position file (the response matrix), and another response matrix in LOCO-friendly SDDS format.

10. Turn off DRF3 when done, make sure scrapers are removed.
III. Lattice calculations.


The response matrix data should be prepared in the SDDS format and transported to the server where LOCO runs.  This is presently an expert-only part of the process, as LOCO is rapidly developing. Possibly soon it will converge to the state that can be described in a simple manual. The result of the LOCO processing should be a standard OptiM variable file with *_Variables.opi extention. This file can be included into the machine *.opt file along with the magnet configuration *.crt file that comes from the P165 measurements. All that describes the new model of the machine.
The sets of measurements/models are being posted in Y:\Lattices\Debuncher\Debuncher_YYMMDD folders.

