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Introduction


One of the most crucial aspects of tuning the Pbar source when stacking is the maximizing of Pbar yield from the target.  It is important to keep this optimized since a small increase in beam spot size or deviation from the ideal beam position on the target can significantly reduce yield into the Debuncher.  A single batch of 120 GeV protons from the Main Ring is extracted in a single turn and directed down the AP-1 line, eventually striking a nickel target in the target vault.  The proton beam then interacts with the target and a stream of secondary particles, including Pbars, exit the target.  Most of the secondaries are the wrong polarity or momentum and strike the dump downstream of the collection lens.  The Pbar yield from the target is sensitive to position and is roughly inversely proportional to beam spot size.  In addition, the orientation of the target can be altered to maximize yield.  This paper will cover both items that should be routinely tuned and those which will be done only infrequently.

Preparation


As with tuning other machines, it is always a good idea to make a D-1 save before beginning any tuning.  In the case of target tuning, the Pbar save category "Proton" and "AP2/Targ" would save the correct devices.  However, it's a good idea to have a complete Pbar save made every few days.  It can be helpful to note the stacking rate and production efficiency in the title of the file that will be saved into.  Also use the Pbar Histograming program (P87) to record the initial conditions before tuning begins.

Tuning

Main Ring and AP-1


Before adjusting target parameters, the beam trajectory from the Main Ring into the AP-1 line should be checked.  On the Main Ring BPM Data Display page (M39) get a horizontal flash frame of the last turn of Main Ring beam.  This can be done by entering (2) on the right side of the "*Flash Frame" line.  The first flash is reserved for injection into the Main Ring, the second is for extraction from the Main Ring.  There is only a brief time interval during which the data can be gathered, it's usually best to request the flash frame when the "Beam on 29" indication appears at the top of the page.  If all goes well, there should be data from A sector through F17, where the beam is extracted.  Nominal horizontal last turn position is –40±2 mm, if it is slightly outside this window it shouldn't be a problem.  If the position varies significantly from normal, it will need to be adjusted.


M:XBMP2 AND M:XBMP3 are tuned together to make a position change at the F17 Lambertson.  The D/A's should be knobbed so that for every +1 Amp that M:XBMP2 changes, M:XBMP3 changes by +0.6 Amps (also, the 165 cards are set up to run XBMP2 twice as hard as XBMP3).  Also remember that XBMP1 and XBMP2 are used together as a kicker canceling bump, so the D/A's of the XBMP's will normally not be the same (actually XBMP2=XBMP1+{XBMP3*0.6} when set up properly, but since XBMP2 often runs close to the maximum current the supply can handle this ratio may not be exact).  To further complicate matters, the XBMP2 and 3 magnets are also used to reduce Main Ring losses on the F17 Lambertson.  When plotting the supply outputs keep in mind that the output of the XBMP power supplies is the sum of 165 (M:XBMP2 and 3) and 265 (M:F14PB and M:F19PB) cards.  By knobbing the mult in the positive direction, beam will be bumped further in the negative (inside) direction.  The mult is set up on M68 (EXTRACTION PARAMS) 120-GEV subpage 1.  Changing the voltage of the extraction kicker (M:E17K2) will also change the horizontal position at the Lambertson, but is not the preferred method.  In the distant past, the Main Ring radial position would be changed with the ROFF curve to change the position at the Lambertson.  This of course changes the orbit of the entire Main Ring and changes the frequency of the extracted beam, this method should definitely be avoided.


Next, one should check the AP-1 line loss pattern.  Losses can be displayed using the AP-X Beam Display page (P55).  Select the AP-1 line and the SURVEY option, then launch an SA by interrupting on START.  Data should be sampled on event $81.  When the beam is on the proper trajectory, losses will be quite low, in the 1-2 Volt range.  Be aware that some of the loss monitors have a small offset so you should get an idea of what they are reading in the absence of beam.  The most common problem is high losses at the end of the AP-1 line near the target.  Often M:F17LAM is tuned to move the beam vertically in this area and M:HT100 or M:HV100 used to move the beam horizontally (M:HV100 provides some vertical bending along with the horizontal).  M:Q101 is also occasionally used to make the beam size smaller towards the end of the line.  Caution should be used when tuning on this as it may result in a larger spot size on the target.

Beam position on the target


The most common, and frequently most fruitful type of tuning to maximize target yield is adjusting the position that beam strikes the target.  The trim magnets frequently used to adjust the position are M:HT107 (occasionally M:HT105 is used instead or in addition to M:HT107) and M:VT108.  These trims and other AP-1 devices can be found on parameter page P60 PROTON, sub-page 1.  Since these trims run at ±25 Amps, be aware that running them near their limit may shorten the life of the power supply.  Using trims located further upstream in the AP-1 line can cause losses at the end of the line, so they should be avoided in this application.  The beam position on the target typically changes when either the Main Ring, Tevatron or Pbar source has changed state.  Examples of these situations would be when returning to stacking after a shot, changing the Main Ring repetition rate or when the Tevatron changes energy (or goes into a ramping mode).


The standard plot used for "targeting" the beam has the ratio of the parameters D:YIELDI/M:TOR109 on the Y axis (scaled from 0 to 4) and either M:HT107 (M:HT105) or M:VT108 on the X axis (scaled about 5 Amps on either side of the starting value).  This scaling of the X and Y axis is somewhat arbitrary, you will likely come up with your own favorite plot parameters.  The parameter D:YIELDI is derived from a spectrum analyzer trace and gives an indication of the amount of beam in the Debuncher.  Since the spectrum analyzer used for this parameter is at times used for other things, it's best to download the D:YIELDI file to the analyzer when beginning to tune.  Page P41 is used for downloading to the spectrum analyzers, file 5 is used for D:YIELDI.  The signal drops a substantial amount over the course of the cycle and is most meaningful when it's at its lowest point at the end of the cycle.  M:TOR109 is a readback from a toroid just upstream of the target and represents the number of protons striking the target.  By taking the ratio of these two parameters, a measure of target yield can be obtained.  Normally one would slowly knob one of the magnets several Amps above and below the starting value and observe the distribution of points, selecting a final value where the D:YIELDI/M:TOR109 ratio is maximized.  Remember to change the alarm limits to reflect the new trim current.  An alternative "fast" target tune will generally get the same results.  This method takes advantage of the fact that the yield from the target drops off nearly symmetrically on either side of the ideal.  Quickly knob the trim to some arbitrary point, say where the yield is half of the starting value.  After recording the magnet setting, quickly go in the other direction until a similar reduction of target yield is observed.  Take the average of those two settings to be the final value.


If there are problems with either the D:YIELDI or M:TOR109 readbacks, D:FFTTOT can be used.  This parameter, generated by the FFT (Fast Fourier Transform) box, represents the total beam current in the Debuncher.  It tends to be a bit more erratic, so it's normally not the first choice.  It updates once per cycle and be used in a similar fashion to the D:YIELDI/M:TOR109 ratio.


The target SEM (Secondary Emission Monitor) can be used to observe changes being made in the target position while tuning.  The display can be generated by going to the SEM Grid Display page (P56).  From there select the target SEM (D:TRSM1) and interrupt on HOLD DISPLAY on the lower left.  The display should then begin to update with each beam cycle, displaying a profile of the proton beam approaching the target.  Displayed below the profile is the measured position and calculated sigma of the beam.  Be aware that individual wires can sometimes fail, so their may be a gap in the profile that will skew the sigma calculation somewhat.  Sadly, at the time of this writing the vertical profile on the target SEM is nearly useless.  A broken wire has shorted across half of the remaining wires, some wires can also generate a false profile whether beam is present or not.  There are a few wires that are still functional, but they are far from the center.

Beam Spot Size

Reducing the spot size on the target increases the yield.  Occasionally, the AP-1 final focus quadrupoles are tuned in an attempt to reduce the beam spot size on the target.  Small changes in the spot size can make a significant impact on production, but can be hard to quantify.  Changing quadrupole currents will introduce some quadrupole steering, which will in turn change the beam position on the target.  Care must be taken to return the beam to the same position after each quadrupole change to accurately compare the yield.  Quadrupole mults have been set up on parameter page P60 on sub-page PROTON <9>.  There is a horizontal and vertical mult made up of M:Q105-Q108, each set up to (mainly) affect the focus in one plane only.  It is also reasonable to tune quadrupoles other than those in this group, but be aware that this can increase losses towards the end of the AP-1 line.  If tuning M:Q109, change both the M:Q109I and M:Q109V by the same amount.  The two most common methods of tuning would be either to use the sigma readback from the target SEM (D:TRSVS and D:TRSHS) to indicate spot size or simply to compare the D:YIELDI/M:TOR109 ratio.  Again at the time of this writing the vertical SEM sigma is not to be trusted.

Target position

The target assembly can also be moved in all three dimensions.  There are actually a number of targets contained in a holder in the target vault.  Targets can be moved in and out of the beam by moving the assembly vertically (the Y direction).  This should NOT be manipulated, changing the target can result in high levels of radiation in AP-0 and a vindictive Crew Chief.  However, the target can be moved in the X and Z direction




Figure 1


The proton beam actually strikes the target off-center horizontally (see figure 1).  As the beam strikes the target closer to the horizontal center, more of the secondaries collide with the target and are deflected away, though there is more secondary protection due to the fact that the proton beam is traveling through more of the target.  As the beam is moved in the other direction, eventually a point is reached where gains from reduced secondary scattering is offset by less secondary production from the shorter path through the target.  There is a location on the target where Pbar production is maximized somewhere between the target center and the edge of the target.  The target position can be changed horizontally by knobbing the parameter D:TRX, this can be plotted versus our old friend D:YIELDI/M:TOR109


The Lithium Lens has a focal length that depends on the gradient of the lens.  The distance between the lens and target can be altered by changing the parameter D:TRZ which actually moves the target assembly with respect to the lens.  There should be an optimum distance between the lens and target which can be found by plotting D:TRZ versus D:YIELDI/M:TOR109.  The target station coordinator would like to be consulted before this adjustment is made.

Conclusion

Hopefully after all of this tuning there has been some improvement in target yield, or at least it isn't worse.  A:PRDCTN always gives a good overall indication of how well the Pbar source is working.  In the case of tuning on target yield, the D:YIELDI/M:TOR109 ratio averaged over many cycles can be generated from P87.  By comparing this number before and after tuning you can get a feel for whether or not efficiency has improved.  If the production efficiency and stack rate appear to have dropped after your tuning has finished, be suspicious that the tuning may not have had the desired effect.  Try putting back the changes temporarily and see if the efficiency improves.
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