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The nominal tunes in the Accumulator at the core are x=6.609 and y=8.607.  Tunes should be kept within .0005 of these nominal values.  A tune diagram is included that shows the working point of the Accumulator with resonance lines up to order 18 displayed.  The tunes are not linear across the aperture and the tunes of the stacktail are shifted to the right and below on the tune diagram.  Stacking normally suffers if the horizontal tune is too high and/or the vertical tune is too low.  To measure the tunes, one can either use one of the spectrum analyzers at AP-10 (locally or remotely) or use the applications program P43 (which automatically uses the same analyzers).  If the measured tunes are more than .004 from their nominals, it is preferred that the tune corrections be made at AP-10.  If the measured tunes are more than about .006 from their nominals, the buses may need to be cycled again and an expert should be consulted.  It is important for the tunes to be near their nominal, both stacking and unstacking can suffer if they are too far off.  After the main Accumulator buses have been cycled, the tunes normally need to be adjusted.  When measuring the tunes, it is not necessary to stop stacking, just make sure there is at least 2E10 in the stack.  If beam downtime occurs, it's not a bad idea to double check the tunes after all of the beam has cooled into the core.

Measuring tunes using P43


It is often easier for an Operator to measure the tunes from the Main Control Room using the Measure Tunes program (P43).  After entering the page, check the default parameters (normally most of these are correct already).  Compare with the attached hard copy of the page image, either spectrum analyzer or channel should work if there is problems with the default, but using D:SB12SA is preferred because D:SB13SA will take away D:YIELDI which uses this analyzer.  Select the FINE option out of QUICK/FINE/SLOW, this will give a better measurement.  The measurement can be initiated by interrupting on "MEASURE TUNE", it takes about 2 minutes for the measurement to be completed.  As the application is making the measurement, you will observe several displays being generated.  The first is a longitudinal Schottky signal from which the core's revolution frequency is calculated.  The other four are the upper and lower sidebands of both the horizontal and vertical tunes.  The number of interest is the peak tune measurement (PK TUNE) displayed on the upper right of each display.  Make sure that the marker position is truly close to the peak, if it's too far away the measurement should be discarded.  Average the measured tune from both the upper and lower sideband.  It's a good idea to repeat the measurement 3 or 4 times to get a more accurate tune measurement.  On the attached example, the tune from the upper horizontal sideband is 6.6094 and the lower horizontal sideband is 6.6097 for an average of about 6.6096.  In the case of the vertical, the average is 8.6081.  In this example a tune adjustment is in order.

Measuring Tunes at AP-10


At AP-10, use the spectrum analyzers in the Pbar control room on the Debuncher side (SA #4 and #5).  Before measuring the tunes, one must find what the frev (revolution frequency) of the core is.  Using the mux box above the analyzers, switch it into local and connect to input 1 which is the Accumulator longitudinal Schottky (make sure you are using the Mux switch that corresponds to the Spectrum Analyzer channel selected).  Since the frev is usually within a few Hz of 628953, and the harmonic number used for this Schottky is 126, set the center frequency at 79.2481 MHz (628953 Hz * 126).  Send an instrument preset to the spectrum analyzer, then set it up with a log scale of 5 db/div on the Y axis and a reference level of -65 db.  A span of 20 KHz should be adequate, the resolution bandwidth should be 300 Hz and the video bandwidth 30 Hz.  If you don't enjoy setting up all of the analyzer parameters, use the "Sanalyzer Download" page (P41) to download files 38 or 39 (you will need to enter which analyzer you are using after the "*Send to SA" command line).  After making these settings, the longitudinal beam profile should be near the center of the display.  Move the marker to the peak of the distribution and record the frequency.  By dividing this frequency by 126, the result is the revolution frequency.  These files have been set up to download normal parameters for measuring the horizontal and vertical tune respectively.


To measure the horizontal tune, connect the spectrum analyzer with the Accumulator horizontal Schottky plates by changing the switch on the mux box to position 3.  One can look at either the upper or lower sideband (or look at both and take the average if you're a masochist).  The frequency of the lower sideband (fs) will be at frev (126+1–x) and the upper sideband (fs) at frev (126–1+x) — don't use the integer portion of the tune only the decimal (i.e. 0.609).  As an example, since the nominal horizontal tune is 6.609, and if we were to assume that the revolution frequency was 628953 Hz, (you would actually use the measured revolution frequency for calculating your center frequency) the nominal frequency of the lower sideband would be 79.493 MHz (628953 Hz * 0.609), and this would be used as the center frequency of the display (again a span of 20 kHz should be adequate).  By using this set-up, the center of the display would represent the nominal tune.  Find the peak of the sideband with the marker, and calculate the decimal part of the tune by using the appropriate formula:

x or y = 127 – (fs/frev)   (lower)x or y = (fs/frev) – 125   (upper)
The set-up for the vertical tune can be done the same way, simply using the vertical Schottky (switch position 2) instead of the horizontal and using the decimal tune 0.607.  To switch between the two planes either set up each spectrum analyzer for one of the planes, or switch one spectrum analyzer between set-ups for each plane (use the save/restore feature of the analyzer), but remember to switch the mux to the proper Schottky.  When finished with the measurements, return the mux box to remote so programs can change the switches.

Using the Spectrum Analyzer Emulator


The process is nearly identical to that described above.  When using the emulator, SA's 2 and 3 could alternatively be used although they are normally dedicated to use for the standard Debuncher and Accumulator longitudinal profiles seen on Pbar CATV channels 29 and 30.  Instead of using a MUX box to select the proper Schottky detector, this can be accomplished on the emulator SA by interrupting on the port and selecting the required detector from the list displayed.  All other actions should be the same as those used locally at AP-10.

Adjusting the Tunes


Two mults have been set up for Accumulator tune adjustment, they can be found on P60 ACC50 subpage 11.  The top mult is set up to primarily change the horizontal tune and the second the vertical tune.  Only the two mults at the top of the page should be used, the Vert Tune = –Hor Tune should not be used (it doesn't appear to give the desired effect).  As mentioned in the comments on the page, for the horizontal tune a +1 Amp change on A:QT when the mult is knobbed will result in a tune change of +.00466.  For the vertical tune, a –1 Amp change on A:QT when the mult is knobbed will result in a tune change of +.03448.  Both mults have been set up so that a clockwise knob rotation will result in a positive tune change.  Since we should be dealing with tune changes that are smaller than those requiring a 1 Amp change, it may be easier to think of it in terms of a .001 tune change.  To increase  the horizontal tune .001, increase  A:QT in the mult by .22 Amp.  To increase  the vertical tune .001, DECREASE  A:QT in the mult by .029 Amp.  Note the difference in sign and magnitude in the two mults.  It is sensible to not make the full change in one large step, make half of the needed change first and check your results.  With the spectrum analyzer parameters loaded as described above, the center of the display will represent the location of the nominal tunes.  As the tune increases, the Schottky signal will move to the left on the display.  Each horizontal division represents about a .003 change in tune.  If the tunes are close together, there may be a tendency for both of the tunes to change, so it could take a number of iterations to achieve the nominals.

