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There has been much work over the years to increase the aperture of the combined AP2 beam line and Debuncher ring. One place that people always suspect that there is trouble is the injection region. Solutions tried several years ago [Pbar notes 571 and 595] were to allow un-normalized 40( mm-mrad beam to pass through the injection region. Currently we are trying to achieve 35( mm-mrad for the combined admittance of AP2 and Debuncher. Using a model, we have verified that beam centered on the desired orbit should not have little beam loss. However, we have limited orbit correction for the injection channel and we can only see the entire secondaries beam of which the antiprotons compose ~1% of the beam; it is assumed that the antiproton trajectory is the same as the entire secondaries beam. The proposal contained within this note is meant to remove the steering hazards in the current configuration and allow for some orbit tolerance.


Starting with the most upstream for this problem will be the replacement of the D4Q5 beam pipes with a single large one. The pipe will be circular in the center of the quad with a single beam tube lobe to fill the top gap between pole faces. The current configuration requires the injection beam tube to be perfectly aligned. The proposed beam tube will not need to be aligned since it will “snug” fit inside D4Q5.

The injection septum is being modified, but not for the injection channel. The material of the bottom of the septum tank has been cut off to minimize the material between the injection channel and the closed orbit. A beam tube for the closed orbit is being welded to the bottom of the septum; the vacuum will be common between the injection channel and the closed orbit. With the removal of nearly 8mm of material from the bottom of the septum, the closed orbit bump about the septum can be reduced. 

With the common vacuum septum, the air gap and associated beam flag after the injection septum will no longer exist. Originally it was thought to attempt to put a new ceramic beam flag in the vacuum, with associated beam chamber and optical window, to be placed on either side of D4Q5 for the injection channel. However, initial tests with the ceramic beam flag show either not enough light is produced, too much ambient light or poor camera sensitivity. Now we are going to not install the upstream flag-chamber set and install a horizontal BPM in the end of the injection beam pipe before the new single beam chamber of D4Q5 described above. Tests will continue with the current flag setup and a chamber will be installed downstream of D4Q5.

 
The next item is the vertical BPM upstream of D4Q4. Our check shows this is the tightest point. The BPM will be moved downstream of VT403.

The SQC quad D4Q4 will be replaced by two large aperture LQB quads. There are several available due to the removal of six quads from the accumulator for the upgrade in 1998. The same integrated gradient can be achieved with the LQBs with a new power supply which has been identified. The beam tube will be the same as the proposed beam tube through large quad D4Q5.

The last change in the injection region will be motorizing the injection kicker stand. Horizontally, the beam fits snuggly in the injection kicker beam tube. However, the vertical position of the kicker is very important to fit both the injected beam and circulating beam at the upstream end of the kicker.

This note shows graphical comparisons of the beam profile and physical apertures at the several places along the injection channel noted above. All plot dimensions are in millimeters. With the exception of the plots for D4Q5, the plot origins are centered to the devices’ centers. The table below gives the minimum admittance for the injected beam (except where noted) for the current and proposed configurations.
	Object
	Current

(( mm-mrad)
	Proposed

(( mm-mrad)
	Comment

	Upstream D4Q5
	42.6
	42.6
	Pipes stuffed into poles

	Middle of D4Q5
	40.7
	49.4
	New pipe 

	Downstream D4Q5
	40.8
	62.2
	New pipe

	Upstream Inj. Septum
	38.2
	No Change
	

	Downstream Inj. Septum
	53.4
	No Change
	

	BPM404
	32.7
	76.5
	Move from US of D4Q4 to DS of VT403

	Upstream D4Q4
	40.5
	148
	SQC replaced by LQBs

	Middle of D4Q4
	44.3
	140
	SQC replaced by LQBs

	Downstream D4Q4
	43.7
	144
	SQC replaced by LQBs

	Upstream Inj. Kicker Injection Orbit
	34.3
	37.8
	Raise upstream end of Injection Kicker

	Upstream Inj. Kicker Closed Orbit
	39.0
	37.8
	Raise upstream end of Injection Kicker

	Downstream Inj. Kicker
	87.2
	No Change
	


Upstream D4Q5 Current Configuration
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The current D4Q5 injection beam tube is triangular shape with rounded curves. The red lines approximate the straight parts of the beam tube.
Upstream D4Q5 Proposed Configuration
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The one lobe has essentially the same triangular shape, without the bottom edge, as the current injection beam tube. At this location the physical aperture remains nearly the same.
Middle of D4Q5 Current Configuration
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The angle of the current injection beam tube and the deflection of the beam due to being off axis are taken into account.
Middle of D4Q5 Proposed Configuration

[image: image4.png]Hew Physical Aperture & Beam Profle
- 7 Y
s

/

: /’/ \:\
TN

M m B W50 5 0 5 10 15 @ 3 B 3 &





Since the proposed beam tube lobe is snug fit, there is more horizontal clearance.
Downstream D4Q5 Current Configuration
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Same comment as the current middle D4Q5 configuration.

Downstream D4Q5 Proposed Configuration
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The proposed beam tube increases the clearance for the injected beam.
Beam Profile at the Upstream End of the Injection Septum
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There will be no aperture changes to the Debuncher Injection Septum. However, the stand is being vertically motorized to allow for optimizing throughput.

Beam Profile at the Downstream End of the Injection Septum
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No changes to the Injection Septum aperture. The modification of the vacuum chambers is to remove material from the bottom of the septum affecting the size needed for the closed orbit bump. Note that the stand is vertically motorized to allow centering of the beam. 
Current BPM Upstream of D4Q4 Configuration
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Note that this is a special large BPM which does not accept 35( mm-mrad vertically. This BPM is not used for measuring the injection orbit; it is only used for closed orbit measurements. The beam is vertically going upward at this point.

Proposed BPM Downstream of VT403 Configuration
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Due to the two new LQBs replacing the existing SQC D4Q4 occupying a larger footprint and that the injection orbit is designed to “scrape” the BPM at its current location, the BPM is being relocated after the vertical trim which is located right downstream of the two LQBs. The injected beam orbit is going downward at this location. 

Upstream D4Q4 Current Configuration
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The star-chamber has an extended top lobe. The curves approximate the star-chamber form and the circle radius reflects the extended lobe dimension. 

Upstream End of First LQB for the Proposed Configuration
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The upstream end of the first LQB will be located closer to the injection septum than the current SQC. The injected beam will easily fit within the pole tips. The pipe will be circular with a top lobe added. 
Middle of D4Q4 Current Configuration
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The star-chamber has an extended top lobe. The curves approximate the star-chamber form and the circle radius reflects the extended lobe dimension.
Between LQBs of the Proposed Configuration
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This is the same location as the middle of the current D4Q4 which is the midpoint between the two LQBs. The injected beam will easily fit within the pole tips. The pipe will be circular with a top lobe added. 

Downstream D4Q4 Current Configuration
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The star-chamber has an extended top lobe. The curves approximate the star-chamber form and the circle radius reflects the extended lobe dimension.

Downstream End of Second LQB for the Proposed Configuration
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The downstream end of the second LQB will be located closer to the vertical tirm than the current SQC. The injected beam will easily fit within the pole tips. The pipe will be circular with a top lobe added. 

Beam Profile in the Injection Kicker Current Configuration
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Alignment numbers show that the injection kicker beam tube is centered upon the line of the neighboring quads. This means that the circulating orbit is centered within the beam tube. The solid blue line is the beam profile at the upstream of the beam profile for the closed orbit. This means that the injected beam profile shown by the solid cyan line is offset quite a bit and should scrape for 35( mm-mrad. The downstream profile, dotted line, is where the injected orbit becomes the closed orbit and is centered. 

Beam Profile in the Injection Kicker Proposed Configuration
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The injection kicker stand will be motorized to optimize the throughput. The best theoretical profiles are shown above: the upstream injection profile is shown as solid cyan; the upstream closed orbit profile is solid blue; and the downstream profile where the injected orbit becomes the same as the closed orbit is shown as the dotted line. Note that the injection kicker will have to be centered with the new motorized stand. 
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