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Potential Optical Solutions For Pbar Stacking and SY120 Mixed-Mode Operation

Dave Johnson

June 25, 2004

In an effort to find an common optical solution in P1 and P2 for mixed mode stacking-sy120 operation, I investigated various optical solutions in P1 and P2 and their impact on stacking and beam to Meson target.  Note that I worked with the existing tune in the AP1 line and did not try to optimize those currents. I

The lattice file is constructed of the following beamline sections:


Stacking:
MI  -> P1 -> P2 -> AP1


SY120:
MI -> P1 -> P2 -> P3 -> XFER -> 

                                    ->ENCB -> ENC C -> F MAN->MESON TARGET

The geometry for the P1 and P2 beamlines is as designed. This geometry include the recently rolled quads in the P1 line which cancel the vertical dispersion into the Tevatron. The transfer function for the quadrupoles in P1 and P3 utilize a 5th order polynomial which generally is better than 0.2% over the range of interest. The currents used to calculate the quadrupole k1 value [1/m2] were taken from I68 and scaled to the regulation transductor readback. 

The geometry used in the AP1 line had previously been obtained from the Pbar Source. The quad transfer function was taken from Valeri’s OPTIM descriptin of the AP1 line, which are 4th order polynomials. I also included Valeri’s fudge factor for the currents of the AP1 quads applied to the quad A/D readback from the parameter page (sampled on event $81)

The geometry, magnet transfer constants, and currents for the end of the P3 through Meson target train were obtained from the CVS repository maintained by Tom Kobilarcik. In the last section I show some modifications to the Switchyard currents.  

The following datasets will be highlighted:


Current stacking lattice: 


Matched P1 and P2 stacking lattice (two versions)


Current SY120 to Meson lattice


Matched P1, P2, and P3 lattice with SY modifications:

Current stacking lattice:

The existing currents from I68 and P60 were used to calculate the beta functions and dispersion from the Main Injector to the target. These currents, as well as the currents for the other scenario’s, are listed in a table at the end of the note. No fitting was done. This solution was obtained by Valeri to minimize the spot size on the target and minimize the dispersion on the target.  In the design of the P1 and P2 beam line the choice was made to use the Lambertsons at F0 to cancel the vertical dispersion for Tevatron injection. Due to phase advances and the location of the F11-F12 rolled dipoles the cancellation of the vertical dispersion into the P2 line was not possible. The residual vertical dispersion at F17 was to be cancelled in the AP1 line. The current solution adjusts the quadrupoles in the P1 and P2 line, adjusting the phase advance to bring the dispersion (both horizontal and vertical) close to zero at the target, thus reducing the contribution from the momentum spread to the beam size on target. Figure  1a and 1b show the beta functions from Q516 in the Main Injector to the Target and beta functions for the AP1 line starting just upstream of QF17, respectively. Note the mismatch in beta between  P1 and P2.  Figure 1 b shows the beta functions peaking at slightly over/under 1 km at PQ7 (vertical- dashed line) and PQ8 (horizontal – solid line). 
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Figure 

Figures 1a and 1b showing the beta functions from MI to target and AP1 in detail.

The horizontal and vertical dispersion between the MI and target are shown in figure 2. The F0 Lambertsons are located in the middle of the plot, around 315 meters, and are de-energized for stacking and SY120. The original design of the AP1 line assumed a 5.6m horizontal dispersion and 0m vertical dispersion at QF17, the entrance to the AP1 line. 
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Figure 2 shows the horizontal and vertical dispersion from MI to target for the current solution.

The origional design used PQ1 and PQ2 to cancel the horizontal dispersion at the end of the second horizontal bend string, HV102, and PQ3 and PQ4 to cancel the vertical dispersion (produced by the vertical bends at the upstream end) at the end of V105, the last vertical bend. In the current tune, the quads in the P1 and P2 line were adjusted to produce a more desirable dispersion at F17 which could be minimized with the revised AP1 optics. The quad settings for PQ1 and PQ2 come close to canceling the horizontal dispersion. The values downstream on the QF17 steel are Dx =  2.51 , D’x = -.044  , Dy = 0.64, and D’y = -.016  and at the target, they are Dx = -0.064, D’x = -0.017 , Dy = -0.247, and D’y = 0.14.

One of the issues with the tune through the AP1 line is the tight apertures in the c-magnet, rolled EPB and the trims in the line, particularly VT108 at the end of the line, just upstream of PQ9. Currently, VT108 has a 1.5” horizontal aperture, which is just downstream of the horizontal beta max. Recently, HT107 was replaced with a 2” aperture trim and VT107 is due to be replaced with a larger aperture trim as well which should help losses at the end of the line.  Figures 3a and 3b show the 95% beam sigma through the AP1 line as calculated by

 95 = sqrt { /6()  +  D2(p/p)2  },

where = 20 -mm-mr and p/p = .45E-3. The full 95% beam size is then +/- 2.45 95.
This current solution minimizes the beamsize throughout the upstream end of the AP1 line and the only tight spot is now at VT108. So, any solution which produces the desired spot size on the target, must keep the beam size at VT108 under control .
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Figure  3a and 3b showing the 95% beam sigma through the AP1 line for the current solution.

This solution produced a 95% sigma at the target of approximately 180 microns in each plane . The 95% sigma at VT108 ranged between 4mm (upstream end) and 3.5 mm (downstream end). This represents about 68% of aperture at the upstream end for a 6 sigma beam in a 1.5” –0.12” aperture. 

Matched P1 and P2 stacking lattice

The currents of the quads in the P1 and P2 lines were tuned to match the FODO lattice from the P1 into the P2 line FODO lattice while keeping the horizontal beam size through the F0 c-magnet (V714) and Lambertsons small. The currents used in the old Main Ring to produce the 120 GeV lattice were about 1259 Amps which yielded gradients of  72.38 and 72.46 kG/m or k1 of ~ +/- 0.0181 m-1. The values for I:QF12  was fixed  (for both scenerios listed below) at 1245 amps to produce approximately the same k1. The currents in the AP1 line were not tuned.  Two scenerios were investigated:

a) where the gradient in I:Q703 remained fixed at a value of 2731.5 Amps to produce a closed coupling bump through the rolled quads in the P1 line,  and

b) letting the gradient in I:Q703 vary 

For the first scenerio a)  the following 6 strong and 4 weak constraints and quads that were used to match Beta’s into the P2 line without constraining the dispersion.

Constraints

F13:  Beta_x =97.3  alpha_x = 0.026  Beta_y = 28.91  alpha_y = 0.031

F17 : Beta_x = 98.9                             Beta_y = 30.4    

Constrain Beta_x/y through F0 < 40 m

Constrain Beta_x/y from MI to F17 < 120 m

Parameters (Quads)

Q710, Q711, Q712, Q713, Q714, QF11A, and QF11B

The lattice function match between P1 and P2 after fitting is seen in Figure 4a and 4b. Figure 5 shows the dispersion from the MI to the target. As noted in theconstraints, the dispersion at F17 was not constrained and has the values Dx  = 4.19 and D’x = -0.019. The quad currents which produced this solution are listed in the table at the end of this note.

Inspection of the lattice functions between this solution and the “current tune” shows the primary difference is in the matched beta’s in the P2 line, a slightly larger beta_x through Q8, the dispersion at F17 and through AP1.
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Figure 4a and 4b showing the matched beta functions between P1 and P2 and the lattice functions in detail through AP1 (using present currents in AP1)
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Figure 5 Dispersion through P1, P2, and AP1 after matching P1 to P2.

Figures 6 and b show the 95% beam sigma in the entire line (6a) and through the end of AP1 (6b).  The spot size on the target is seen to be 148 by 140 microns. The 95% sigma through VT108 varies from 4.3mm to 3.7mm. The dispersion through VT108 is approximately 0.4 meters and for a p/p of  0 .45E-3 the dispersion contributes approximately 0.2mm to the 95% sigma (or 1.2 mm to the full beam size).
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Figure  6a and 6b showing the 95% beam sigma through the entire P1-P2-AP1  and through quads Q4 to Q9 in the AP1 line for the current solution. Also shown are V105 ant the two trims HT107 and VT108 on either side of Q8. 

For the second scenerio b), several additional weak constraints were added in the AP1 line  and the quad Q703 was allowed to vary.  The following constraints and quads were used to match Beta’s into the P2 line without constraining the dispersion. Again The AP1 tune was not varied.

Constraints

F13:  Beta_x =97.3  alpha_x = 0.026  Beta_y = 28.91  alpha_y = 0.031

F17 : Beta_x = 98.9                             Beta_y = 30.4    

Constrain Beta_x/y through F0 < 40 m

Constrain Beta_x/y from MI to F17 < 100 m

Constrain Beta_x/y between Q5 and Q9 < 950 m

Constrain Dx between Q8 and target  <  | 0.1m |

Parameters (Quads)

Q703,Q710, Q711, Q712, Q713, Q714, QF11A, and QF11B

Varying Q703 changes the phase advance through the set of rolled quads (Q703, Q705,  Q707,  and Q709) in the P1 line. The phase advance through this section is goverened by Q703 and was determined by the 150 Tev injection optics to modify the vertical dispersion through the line such that it was cancelled by the F0 injection Lambertsons. Changing this phase advance impacts the locality of the local coupling introduced by the rolled quads. Figure 7 shows the transverse coupling between the horizontal and vertical planes induced by a horizontal orbit distortion from a 5 amp change in HT702.  This corrector produces a 4-5 mm horizontal oscillation through the line.
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Figure 7a  and 7b: Show the horizontal orbit oscillation through the P1-AP1 beamline due to a 5 amp change in HT702 and the vertical orbit  distortion induced by the rolled quads in P1. The plot on the left (a) has the Q703 aet at 2731.5 A to produce the correct phase advance through the rolled quads. The plot on the right (b) shows the distortion “leaking out” due to a change in Q703.  

Although this second solution produces a non-local coupling (for any chages upstream of Q703), its only a 10% effect at the target (delta_x = 0.4mm and delya_y = 0.03 mm).

The additional constraints allowed for a smaller beam size throught the end of the AP1 line by a reduced beta max in Q8.  Although the beta functions throughout P1 and P2 have been kept to ~100m or less the match into P2 is not as good at the first scenerio
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Figures 8a and 8b: Lattice functions for the second matching scenerio for entire beamline and AP1.

The constraint of matching Beta at F13 was not well met, although it is significantly better that the current match (Figure 1a).  Figures 8a and 8b show the lattice function after matching for the second scenerio. Note that the lattice functions are smaller through P1 and P2 and at Q8, in the AP1 line, than the current optics. 

Although the dispersion at F17 was not directly constrained, the weak constraint on the dispersion at the end of the line, the dispersion was altered from it’s “ natural” value to 2.52 meters and a slope of –0.046.  This is very similar to the current tune values, and one can see the dispersion looks similar to that in Figure 2. 
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Figure 9: Dispersion through P1-P2-AP1 for the second matching scenerio (adjusting Q703).

Figure 10 shows the beam sigma from the Main Injector to target and the downstream end of the AP1 line. The sigma through VT108 is from 3.8 to 3.3mm, a reduction of about 5% over the initial optics.
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Figure 10a and 10b: Beam 95% sigma for 20 emittance throughout the entire line and through the end of AP1.

Current (June 3, 2004) SY120 to Meson lattice
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The lattice functions that were being used on June 3 for the SY120 cycle from P1 into the  Meson target train is shown in Figure 11a and 11b. It is very clear that the P1 is not matched to P2, P2 is not matched to P3, and P3 was not matched to SY.  Here the lattice functions are well over 3 km in the H202 string. One of the first goals was to get the P1 to P3 lattice matched.
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Figures 11a and 11b: Lattice functions for MI to A0 and MI to Meson Target Train for the June 3 tune.

The dispersion is shown in Figure 12 for the June 30 tune. Here the horizontal dispersion is very periodic through P2 and P3, but goes to well over 10 meters through Switchyard.
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Figure 12 Dispersion function from Main Injector through Meson for the June 3 tune.

The 95% beam sigma for the June 3 tune is shown in Figures 13a and 13b. The plot range is 10 mm full scale. Strictly speaking the full 95% beam size is then given by +/- 2.45 sigma. The plot on the left shows the sigma from the MI to Meson. Throughout P2 and P3, with its strong focussing, the sigmas range between 0.5 and 2.5 mm. Through transfer hall up to Q201/202 the horizontal beam size dominates with a sigma of 4 mm which produces a beam width of nearly 1 inch horizontally through V103, the MSEPS and MLAM. The vertical size through this region is well under ½ inch. It’s clear that after the [image: image21.png]Dom
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quad Q203, at the end of H201 string, the beam diverges significantly. 

Figure 13a and 13b Beam sigma (95%) from the MI to Meson Target Train and an expanded view from F49 to Target Train for the June 3 optics. 

It should be pointed out, again, that the transfer functions used for the quads  Q90 and beyond were a constant obtained from the Switchyard lattice obtained from the CVS repository. I believe Tom Kobilarcik’s lattice measurements in Switchyard have shown these to not be representative of the magnets at the currents presently used. I have not factored these into this model at this time.  Its clear that better transfer functions need to be included which would give a better representation of the real beam size.

Matched P1, P2, and P3 lattice with SY modifications:

It was not the intent of this study to re-design the transport from transfer hall to Meson. Since there were several potential solutions to match P1 to P2 for stacking, I wanted to determine the impact of each of these solutions to the SY120 lattice. Inorder to fully realize the improvements from matching the upstream end, an attempt was made to adjust the quads from Q203 to Q210 to keep the beam size under control. Of particular interest is the H and V EPB magnets in manhole F2 (information probided by Rick Coleman)  which produces an effective aperture of 1 inch square. Here the beam sigma should be well under 3mm to keep losses to a minimum. 

I show the lattice functions, dispersion and sigma for each of the solutions discussed in the stacking section. Each one utilizes the same quad currents in P1-P2 as the solutions for stacking. The quad string in P3 is fixed at 1245 amps for all solutions. 

Solution a) keeping the quad current Q703 fixed at 2731.21 amps. 

This optical solution utilizes the currents in P1, P2, and P3 which create a matched FODO lattice to F49. This solution produces lattice functions that are very periodic and are very close to that of the origional Main Ring. Utilizing the currents from the ACNET parameter page I empirically adjusted the currents in Q202 through Q210 to reduce the 95% sigma at the Meson target train. Figures 14a and 14b show the MI to A0 lattice function detail with 14b showing the lattice functions from MI all the way to the Meson [image: image23.png]Saxss, siGves
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target train.

Figure 14a and 14b: Lattice functions from MI to F49 (left) for matched solution a) used in stacking solution. The plot on the right (b)  shows the lattice functions all the way to the target train.

The plots in 14 should be compared with that from 11 to see the difference in both the P3 line and particularly through SY. The plot limits are the same in both figures.

The dispersion is shown in Figure 15. The horizontal dispersion closly resembles that of the Main Ring matched FODO lattice ranging from about 1 to 6 meters. The horizontal dispersion through switchyard maintains bounded  to less than  6 meters, but in still finite at the target train. Note the vertical dispersion coming from P1 is not cancelled at F0 and oscillates through P2,P3 and switchyard, although it is very close to zero at the target. 

[image: image25.png]B o

20

0

10

w0

20

0

£

o

“

20

S[20new P LP2P3SY currens

SUN S0 5.X version 82160

250605 174300

B B

2R

som




Figure 15. Dispersion function from the Main Injector to the Meson target train for solution a) keeping  Q703 fixed at 2731 amps.

The beam 95% sigma for this solution is shown in Figure 16a and 16b.  Here, the beam sigma through out the beam line remains under 4 mm. The plot on the left shows the entire beamline. The modulation of the horizontal beam sigma in the P3 beamline by the horizontal dispersion is quite obvious. For these plots, as well as those in Figure 13, I assumed a transverse 95% emittance of 12  and a p/p of .045% (dp/p ~.2%)
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Figure 16a and 16b. Beam  95% sigmas for the solution a) keeping Q703 fixed. 

A feature of this solution is that the beam sigma through the F2 manhole, where there is a significant apperture resatriction in both planes, was maintained under 3.5 mm through each of the bending magnets. Further detail in this region is shown in Figure 17.
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Figure 17 Beam sigma from F45 through Q210 for solution a) showing sigmas of less than 3.5mm through the F2 manhole. 

This solution, essentially turns off Q207 and Q210 and greatly reduces Q208 (from 20 A to ~ 1.5 A) which produces a waist in both planes at a point about midway between the target and Q208. The final beam sigma on the target is ~ 4mm. The currents used for this solution are tabulated in Table 2. 

Solution b) letting the quad current Q703 vary.

This solution produced a smaller beam size at the end of AP1, however, the beta match between P1 and P2 and consequently through P3 is not as good, but potentially acceptable. Figures 18a and 18b show the lattice functions through out the beamline for this solution . These should be compared to those in Figures 11 (June 3 optics)and 14 (solution a). Its easy to see the mismatch in beta between P1 and P2 but even this is better than the June 3rd settings. The lattice functions through switchyard remain below 1 km and look qualitativly as those for solution a).
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Figures 18a and 18b Show the lattice functions for solution b)

Again, as in the first solution, the lattice functions remain a 1km or less through out the beamline. The currents used in Switchyard are shown in Table 2. The dispersion for this solution is shown in Figure 19. The horizontal dispersion is simular to that in solution a). Here the adjustment of the quads in Switchyard produced two effects. First, the dispersion on the target train is zero (although in reality this might be hard to achive). Secondly, the dispersion through F2 is factor of two bigger than the previous solution which increases the beam size through F2

Figure 20a and 20b show the beam sigma through out the beam line for this solution. Again, the quads 207 and 210 are just about turned off and Q208 is significantly from ~20 A to  about 1.9 A. 
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Figure 19: Dispersion function from MI to Meson target train for solution b)

Figure 20a and 20b: Beam size from MI to Meson target train for  solution b

Note the impact of increased dispersionon the beam size through F2 increased it from about 3mm to 5 mm. Although this solution has a zero dispersion at the target it is clearly not acceptable in terms of the beam size through F2. No firther attempr has been made to reduce the beam size here for this solution. 

For each or these solutions, I used constrained the beta, alpha, and dispersion at the target. I also constrained the the maximum beta throughout the line and particularly through F2. I suspect that if the constraint on the dispersion were relaxed this would bring the beam size through F2 back to something reasonable.

Summary
I have investigated several optics solutions which could be used for the mixed mode stacking SY120 operation. It is clear that neither the current stacking or SY120 lattice were matched (for various reasons). I compare both solutions to the current staking and SY120 optics. Both solutions better match P1 to P2 to P3.

Solution A: Quad Q703 = 2731.21 A


Maintains coupling bump closure. 


Good beta match  between P1, P2, and P3


Stacking beam sigma at VT108  10% larger than current solution


With SY quad modifications 

The beam sigma on target train ~ 4 mm

The beam sigma through F2 < 3.5 mm

Dispersion through F2 < 4 m

Dispersion on target H ~ -5m and V~0m

Solution B: Quad Q703 =  2452 A.


Coupling bump not maintained


Beta match not as good between P1, P2, P3


Stacking beam sigma at VT108  ~5% smaller than current solution


With SY quad modifications



The beam sigma on target ~ 4 mm



The beam sigma through F2 > 5mm



Dispersion through F2 ~ 8 meters



Dispersion on target H ~0 and V~0

Although I have adjusted the quad currents in SY only to get an idea of what can be accomplished with some re-tuning, this optical solution needs verifiaction and further refinement by External beams. Hopefully, these solutions can be used as a guide. 

Implementing one of these solutions (or one simular) is the next step in commissioning mixed mode operation.

Table 1 Summary of Quadrupole currents for Stacking

	Quad Circuit
	Current Stacking Settings
	Solution A with Q703 fixed
	Solution B with Q703 fixed
	

	P1-P2

	I :Q701
	280.38
	235.79
	235.79
	

	I :Q702
	192.92
	216.28
	216.28
	

	I :Q703
	2731.21
	2731.21
	2452.03
	

	I :Q710
	251.3
	160.98
	208.49
	

	I :Q711
	247.4
	126.04
	155.48
	

	I :Q712
	214.05
	167.36
	133.20
	

	I :Q713
	232.67
	255.80
	241.26
	

	I :Q714
	216.16
	267.04
	287.05
	

	I :QF11A
	320.83
	289.00
	317.94
	

	I :QF11B
	203.05
	229.25
	210.00
	

	I :QF12
	1292.2
	1244.5
	1244.5
	

	AP 1

	M :Q101
	161.9
	161.9
	161.9
	

	M :Q102
	180.0
	180.0
	180.0
	

	M :Q103
	268.8
	268.8
	268.8
	

	M :Q104
	221.2
	221.2
	221.2
	

	M :Q105
	238.0
	238.0
	238.0
	

	M :Q106
	263.9
	263.9
	263.9
	

	M :Q107
	212.6
	212.6
	212.6
	

	M :Q108
	257.7
	257.7
	257.7
	

	M :Q109
	265.8
	265.8
	265.8
	


Table 2 Summary of Quadrupole currents for Slow Spill

	Quad Circuit
	Current SY120

Settings
	Solution A with Q703 fixed
	Solution B with Q703 fixed
	 

	P1-P2

	I :Q701
	269.6
	235.79
	235.79
	

	I :Q702
	195.8
	216.28
	216.28
	

	I :Q703
	2611.1
	2731.21
	2452.03
	

	I :Q710
	209.3
	160.98
	208.49
	

	I :Q711
	163.3
	126.04
	155.48
	

	I :Q712
	161.3
	167.36
	133.20
	

	I :Q713
	263.2
	255.80
	241.26
	

	I :Q714
	247.8
	267.04
	287.05
	

	I :QF11A
	387.9
	289.00
	317.94
	

	I :QF11B
	240.3
	229.25
	210.00
	

	I :QF12
	1292.2
	1244.5
	1244.5
	

	P3

	S :QP3
	 1304
	1244.5
	1244.5
	

	SY120

	S :Q90
	9
	9
	9
	

	S :Q100
	41
	41
	41
	

	S :Q101
	40
	39
	39
	

	S :Q102
	0.0
	0.0
	0.0
	

	S :Q201
	31.355
	31.0
	31.0
	

	S :Q202
	40.8
	36.0
	36.0
	

	S :Q203
	22.75
	24.88
	23.07
	

	S :Q204
	22.76
	9.88
	9.19
	

	S :Q205
	22.75
	26.29
	26.61
	

	S :Q206
	22.76
	20.04
	20.81
	

	S :Q207
	17.1
	-0.2
	-0.48
	

	S :Q208
	20.5
	1.5
	1.91
	

	S :Q210
	-6
	-0.08
	.19
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