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Introduction

This document describes the alignment procedure used for the Debuncher Injection Septum. This alignment was done on December 10, 2005.
  Because the injection septum is motorized, there are more variables than constraints in this procedure. Because of the additional variables, the key idea of this procedure was to constrain the vertical trajectory in the AP2 line to the center of the last three quadrupoles of the AP2 line (Q731, Q732, Q733). Once this constraint is set, the procedure becomes fairly straight forward:

1. Determine the electrical center of the last three quadrupoles of the AP2 line (Q731, Q732, Q733) by measuring quadrupole steering.

2. Set the horizontal and vertical closed orbit in the Debuncher though the injection region.
,

3. Adjust the injection kicker voltage and the injection septum current so that the reverse proton trajectory of in the AP2 line goes though the electrical center of the last three quadrupoles of the AP2 line (Q731, Q732, Q733).

4. Align the angle of the injection septum to be parallel to the reverse proton trajectory in the AP2 line.

5. Find the vertical injection septum position that gives the desired circulating aperture in the Debuncher.

6. Find the vertical injection septum position that gives the desired reverse proton extraction aperture.
7. If the vertical septum positions found in steps 6 and 7 do not match, then the vertical circulating orbit underneath the septum is moved with a local 4 bump and steps 3-6 are repeated until the circulating and extraction apertures match.

Aligning the Angle of the Debuncher Injection Septum
This part of the procedure is to align the angle of the injection septum to be parallel to the reverse proton trajectory in the AP2 line. Originally it was thought that the loss monitors could be used to determine when the beam in the AP2 line scraped against the septum. However, when the barrier bucket RF system (DRF2) is not on, the reverse proton circulating beam in the Debuncher occupies the entire circumference. Even if DRF2 is on, the system does not have enough voltage to provide a bucket height that would contain the reverse proton momentum spread.  When the injection kicker (D:IKIK) is fired to extract the reverse protons up into AP2, a fraction of the beam sweeps across the septum face because of the lack of a gap in the circulating beam. The beam that sweeps across the septum face dominates the loss monitor signal. Losses due to the transverse tails of the beam scraping the septum are difficult to see.
An alternative technique was to scan the kicker voltage and measure the intensity change on BPM734 which is immediately downstream (in the reverse proton direction) of the septum as shown in Figure 1. In this note, the alignment of the septum will be done entirely with reverse protons so that upstream and downstream refer to the direction that the reverse protons are traveling. The technique for measuring the BPM position and intensity for reverse protons in AP2 was to store beam in the Debuncher for about 2 seconds before re-bunching the beam and extracting it up AP2
. When the BPM intensity is at half intensity (as compared to the nominal kicker voltage) it is assumed that the center of the extracted AP2 beam was hitting the AP2 side of the septum. The kicker voltage is then held at this value (which is ~27kV for the green trace shown in Figure 1). 
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Figure 1. BPM intensity at BPM734 as a function of the injection kicker voltage (D:IKIK). The green trace is when D:MVISPD = -4mm.  The blue trace is when D:MVISPD = 1mm.
The next part of this procedure is to hold the upstream end of the septum fixed (D:MVISPD) while scanning the downstream end (D:MVISPU) and measure the intensity change at BPM734 as shown in Figure 2. When the downstream end (D:MVISPU) is scanned in the negative direction (down), the downstream end falls in the shadow of the upstream end and the BPM intensity at BPM734 remains unchanged. Also note that because the vertical beta functions are dropping rapidly from the upstream end to the downstream end of the septum, that moving the downstream end does not hit the circulating beam in the Debuncher. When D:MVISPU is scanned in the positive direction (up), the downstream end of the septum emerges from the shadow of the upstream end and begins to reduce the intensity in the AP2 line. The point when the downstream end just emerges from the shadow of the upstream end is when the septum is aligned parallel to the angle of the beam in the AP2 line. (This statement is not entirely true because the phase advance from the kicker to the upstream end of the septum is not ninety degrees so that reducing the kicker voltage as was done to put the center of the beam on the septum edge does place a small angle change on the trajectory in the AP2 channel as compared to the nominal kicker voltage. However, this angle change is much smaller than the bend angle of the septum.) It was found that D:MVISPU- D:MVISPU = 3.9mm when the septum was aligned parallel.
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Figure 2. Scan of downstream end of septum while holding the upstream end fixed.

Vertical Injection Septum Position for the Desired Circulating Aperture in the Debuncher
For this part of the procedure, reverse protons are stored in the Debuncher. The beam is heated until it fills the Debuncher vertical aperture and the vertical aperture is measured with a scraper scan as shown in Figure 3 which measured a vertical aperture of 26.5um.
 Reverse protons are re-injected into the Debuncher and the beam is again heated until it fills the Debuncher vertical aperture. Both ends of the septum are moved downwards by the same amount towards the Debuncher circulating beam. (Care must be taken that both ends of the septum move by the same amount.) As the septum moves, the loss monitors are plotted as shown in Figure 4. When the loss monitors begin to change the septum has hit the edge of the circulating beam. In Figure 4, the septum hit the heated beam when D:MVISPD was -3.8mm. The vertical beta function at D:MVISPD was given as 9.44m
. Since the beam was heated to the aperture of 26.5um, the HALF width of the beam is 15.8mm. The half width of a 35um beam (which is the desired aperture) is 18.2mm. So for the septum to clear a 35um aperture the septum would have to be raised by 2.4 mm from -3.8mm to the value D:MVISPD  = -1.4 mm.
Vertical Injection Septum Position for the Desired Reverse Proton Extraction Aperture
As stated, earlier, it was not possible to use loss monitors to find the transverse tails of the extracted reverse proton beam in the AP2 line. The technique used to set the extraction aperture was to scan the kicker voltage (D:IKIK) and measure the intensity on a AP2 BPM very close to the septum (BPM734). 

First the septum is set to a given position designated as y1. The kicker voltage is scanned while the BPM intensity is measured as shown in the green trace of Figure 1. The kicker voltage in which the intensity has dropped by ½ is designated as kV1. The septum is then moved up on both ends by 5mm. This position is designated as y2. Another kicker scan is performed as shown in the blue trace of Figure 2. The kicker voltage in which the intensity has dropped by ½ is designated as kV2. The nominal kicker voltage that steers though the centers of the AP2 quadrupoles Q731-Q733 is designated as kV0. The ½ width that would fit through the extraction channel when the kicker is at kV0 and the septum is at position y2 is:
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For the scan shown in Figure 1,  kV0 = 53.5kV, kV1 = 26.5kV, kV2 = 32.3kV, y1 = -4mm, and y2 = 1mm which gives a beam width of 18.3mm for D:IKIK =53.5kV and D:MVISPD at 1mm. A beam width 18.3mm would give an aperture of 35.4um  for a vertical beta of 9.44m.

The septum position required for 35um of circulating aperture is D:MVISPD     = -1.4mm. Setting the septum at a position of D:MVISPD = -0.2mm would give an extraction and injection aperture of about 40um.
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Figure 3. Debuncher Vertical Aperture scan.
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Figure 4. Vertical Septum Scan.
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