Bump amplitudes for MD on xy vs. yy crossing. 

If the wire is offset in x by dx and in y by dy the tune shift in the two planes is
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To compensate the linear tune shifts in x and in y by BBLR1y and BBLR2x we must fulfill the relations:
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These two equations can only be fulfilled simultaneously, if 
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  this is approximately the case.
The nominal distances between the center of the wire and the beam are Ay1=20.27 mm

Ay2=0 mm, Ax1=0 mm, Ax2=54.27 mm.

If we create orbit bumps of amplitude Dx and Dy (assumed to be the same at BBLR1 and BBLR2) we can write dx,1 etc as 
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To achieve zero linear tune shift we must have 
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or
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which we can numerically solve for Dy as a function of Dx (we use Mathematica to find the solution).
This relation is illustrated for the SPS MD parameters in Figure 1. A summary with explicit values can be found in Table 1. Figure 2 illustrates the residual detuning, assuming the average beta functions of Table 2.
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Figure 1: Vertical bump amplitude versus horizontal bump amplitude for xy wire compensation.
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Table 1: Dx and Dy with tune-shift compensation, both in mm.

Table 2: Average rms beam sizes for BBLR1 and BBLR2 for an emittance of 0.1 micron; the phase advance between the two BBLRs is about 2 degrees, the physical distance about 2.2 m 
	
	BBLR1
	BBLR2

	x
	2.183 
	2.2185

	y
	2.2545
	2.221

	x
	47.65
	54.14

	y
	50.85
	49.56
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Figure 2: Expected detuning with BBLR1 at 240 only (dashed lines) and with BBLR1 and BBLR2 at 120 A each (solid lines) as a function of Dx; Dy is assumed to be on the optimum line displayed in Fig. 1.

Interestingly, there is a second solution for the vertical bump amplitude (and possibly further), which is illustrated in Fig. 3 and summarized in Table 3.
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Figure 3: Second solution of vertical bump amplitude versus horizontal bump amplitude for xy wire compensation.
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Table 3: Second solution for Dx and Dy with tune-shift compensation, both in mm.

In addition to the tune shift, the wires also introduce betatron coupling:
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Figure 4 illustrates that the induced coupling is zero at a horizontal bump amplitude of 27 mm and a vertical of -10.6 mm.
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Figure 4: Strength of difference resonance vs. horizontal bump amplitude, with compensation of two BBLRs (solid), with only BBLR1 at twice the strength (small dashes), and with only BBLR2 at twice the strength (wide dashes).
There is no coupling if we excite only the horizontal or only the vertical wire without bump. To have an idea of the distance between beam and wire that would be required to compare with the compensation scheme, Fig. 5 shows the transverse radial distance from BBLR1 and BBLR2 for the 1st solution, and the results are compiled as numbers in Table 4.
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Figure 5: Transverse distance 
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from BBLR1 (solid) and BBLR2 (dashes) versus horizontal bump amplitude for xy wire compensation.
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Table 4: Horizontal bump amplitude and radial distance 
[image: image18.wmf]2

2

y

x

d

d

d

+

=

 from BBLR1 and BBLR2, respectively, all in mm, for the first solution of xy wire compensation.
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