TD-00-008

February 4, 2000

Conceptual Magnetic Design of the Fermilab

2-in-1 Nb3Sn Dipole Magnet for VLHC

V.V. Kashikhin and A.V. Zlobin

Fermilab, P.O. Box 500, Batavia, IL 60510
Abstract - The note reports the description of conceptual magnetic design of the double aperture Nb3Sn magnet with cold iron yoke being developed at Fermilab for VLHC.  The design is based on the previously developed two-layer Nb3Sn coil with the inner bore diameter of 43.5 mm.

I. INTRODUCTION

Proton beams in hadron colliders are circulating in opposite directions in two crossing storage rings. The storage rings for SSC and RHIC were designed as independent single-bore magnet systems placed in separate cryostats [1,2]. LHC adopted more compact and more effective design when two magnet coils are placed in the common “cold” iron yoke [3]. This design allows a significant reduction of magnet and cryostat sizes and their costs. Since the cost is an important issue for future machines this approach was chosen for the VLHC high field magnets too. This note presents a description of the conceptual design of double-bore Nb3Sn dipole magnet with cold iron yoke being developed at Fermilab for VLHC based on the Nb3Sn cos-theta coil design [4]. 

II. DESIGN PARAMETERS AND OPTIMIZATION CRITERIA

The two-in-one magnet design allows both horizontal and vertical coil arrangements. The design approach with the horizontal coil arrangement was chosen as most effective. The coil geometry, the thickness of spacers between the coil and the yoke are identical to the single aperture design [4]. The two coils are symmetrically placed inside the round iron yoke as it is shown in Figure 1. Special holes shown in Figure 1 are used for correction of the iron saturation effect.

The following parameters were optimized: 

· aperture separation, L

· iron yoke outer diameter, OD

· correction hole geometry (diameter) and position

The optimization criteria were:

· good field quality (small low-order field harmonics)

· low fringe field outside the iron yoke

· maximum magnet transfer function

· small iron yoke OD (smaller than 600 mm to fit the existing VMTF Dewar)

· comfortable aperture separation 

Design optimization was performed using OPERA 2D code in three steps:
 


1. Optimization of aperture separation for large yoke outer radius. The yoke radius, R, was set at 600 mm.

2. Minimization of the iron yoke OD for fixed aperture separation. The distance between magnet apertures, L, was fixed at 200 mm.

3. Hole size and position optimization at optimal L and R in order to reduce the iron saturation effect.

[image: image1.wmf]
Figure 1. Horizontal layout of the cos-theta coil blocks in the 2-in-1 magnet design.

III. RESULTS OF OPTIMIZATION

A. Optimization of aperture separation

At this step the outer radius of the iron yoke, R, was fixed at 600 mm and the distance between two apertures, L, was varied from 130 to 240 mm.  Figures 2-4 show the transfer function, the quadrupole and sextupole field components at 1 cm reference radius as a function of L at injection (I=1 kA) and at nominal (I=20 kA) currents. As one can see, the transfer function practically does not depend on the aperture separation in the operation current range. The quadrupole and sextupole components are small and practically independent on L at the injection current. At the nominal current the quadrupole and sextupole components strongly depend on the distance between the apertures. The quadrupole changes from –7 to 0 units and the sextupole changes from 5.8 to 4.7 while L changes from 130 to 160 mm.
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Figure 2: Transfer function versus the aperture separation

at injection and nominal current.
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Figure 3: Quadrupole and sextupole field components 

versus the aperture separation @I=1kA.
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Figure 4: Quadrupole and sextupole field components 

versus the aperture separation @I=20kA.

B. Yoke OD optimization

     At this step the aperture separation was fixed at 200 mm and the yoke outer radius was varied from 200 to 300 mm. Figures 5-7 show the transfer function, quadrupole and  sextupole field components, and fringe fields at the iron outer surface versus the yoke outer radius at injection and nominal current. 
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Figure 5: Transfer function versus the yoke outer radius 

at injection and nominal current.
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Figure 6: Quadrupole, sextupole and fringe field versus the yoke outer radius @I=1kA.
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Figure 7: Quadrupole, sextupole and fringe field versus the yoke outer radius @I=20kA

At low currents the transfer function is independent on the yoke outer radius.  The low order field harmonics (quadrupole and sextupole) and the fringe fields are small and also practically independent on the yoke outer radius.  At the nominal current the transfer function changes from 0.550 to 0.565 when the yoke outer radius increases from 200 to 250 mm, and then it remains practically constant. The fringe field changes from 0.57 T for the yoke outer radius of 200 mm to 0.001 T for the yoke outer radius of 300 mm.  In order to restrict the fringe field by the value of 0.05 T, the yoke outer radius has to be more than 250 mm. The quadrupole and sextupole field components for these yoke outer radii would be above specification and require an additional correction.

 According to the calculations [5] the iron yoke OD for the single aperture magnet with the same fringe field of 0.05 T is 43.5 mm. The total area of the iron yoke cross-section is 1370 cm2 for the single aperture and 1735 cm2 for the double aperture magnets. As it can be seen, the difference is only 27%. Thus, the double aperture magnet gives considerable steel and weight savings with respect to two single aperture magnets.

C. Iron saturation correction

Quadrupole and sextupole harmonics were corrected by introducing the holes in the iron yoke cross section with chosen outer diameter of 500 mm. The beam to beam distance was also varied. Figures 6-7 show the quadrupole and sextupole field harmonics versus the bore field for different yoke geometries.
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Figure 6: Dependence of the quadrupole field component on the bore field.


[image: image9.wmf]-1.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0

2

4

6

8

10

12

B0, T

b3, 10^-4

L=160, w/o holes

L=200, w/o holes

L=240, w/o holes

L=200, 2 holes/quadrant

L=160, 2 holes/quadrant

L=160, 2+1/2 holes/quadrant


Figure 7: Dependence of the sextupole field component on the bore field.

One can see from the above plots that the quadrupole is distorted more with increasing of the beam to beam distance. That on a first glance contradicts to the plot in Figure 3. However, the contradiction is resolved if one remembers that the iron yoke OD is not very large (infinite) now but fixed at 500 mm.  Let us consider two magnetic fluxes that compose the total coil flux: one of them goes around the yoke center and closes through the second coil, another one goes outwards the yoke center and closes through the iron. As long as these two fluxes are equal there is no a quadrupole component because the field gradient along the coil horizontal axis equals to zero. But when the fluxes are different there is a field gradient that results in quadrupole component in Fourier expansion. 

As it follows from the plot in Figure 8, the quadrupole component becomes minimal for the beam to beam distances of 160-170 mm, although there is still –1 unit that can be easily corrected by introducing the half-hole per quadrant as it is shown in Figure 6. In case of saturated iron at high currents the flux redistribution matters when the magnetic resistance for the flux line inside the yoke is comparable with one in the bore. At low currents the magnetic resistance of the yoke is much smaller than the magnetic resistance of the bore and the deviations of multipoles due to the flux redistribution in the yoke are negligibly small. 
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Figure 8: Quadrupole field component versus the bore separation @I=20kA.

Figure 9 presents the flux distribution in the cross-section of double aperture magnet with the optimized position of holes for the beam to beam distance of 160 mm and the yoke outer diameter of 500 mm.  The magnet transfer function versus the bore field is reported in Figure 10.

[image: image11.wmf]
Figure 9: Flux distribution in the cross-section of the double aperture dipole  
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Figure 10: Magnet transfer function versus the bore field.

IV. CONCLUSIONS

The general layout of the Nb3Sn double aperture dipole for VLHC was chosen based on the 2D finite-element magnetic analysis. The main geometrical parameters of the magnet are: the beam to beam distance – 160-200 mm, the iron yoke outer diameter – 500-600 mm. The position and size of correcting holes may vary, depending on the additional irregularities introduced in the yoke such as slots, notches, technological holes etc.

 The comparison of the single and double bore designs having the same coil cross-section shows that:

· the yoke OD and the iron yoke area in the double bore magnet increase only by 25% and 27% respectively

· the transfer function increases in the double bore magnet by 2% with respect to the single bore magnet 

· the horizontal components of the Lorentz force compensate each other keeping the load applied to the skin at the same level

· field quality is practically the same except a presence of the quadrupole component in the double bore magnet. It can be minimized by the yoke cross-section (and/or coil geometry) optimization. 

The comparison of the double bore cos-theta and common coil [6] designs developed at Fermilab shows that the cos-theta design provides:

· larger bore diameter at smaller coil cross section and iron yoke OD

· higher field at the same critical current density of Nb3Sn strands

· lower horizontal Lorentz forces and thinner skin thickness

· smaller inductance at higher stored energy

· larger flexibility to the beam separation
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		200		11.3		11.8		-0.09		4.63		-0.06		0.18		0.565

		240		11.3		11.8		-0.03		4.6		-0.03		0.18		0.565

		L=200mm=const

		I=1kA

		Rod, mm		B0,T		Bfr, T		b2		b3		b4		b5		B0/I

		200		0.614		6.00E-05		-0.155		0.06		-0.05		-0.004		0.614

		220		0.614		3.80E-05		-0.13		0.06		-0.05		-0.045		0.614

		250		0.614		2.00E-05		-0.12		0.06		-0.05		-0.005		0.614

		300		0.614		1.10E-05		-0.11		0.06		-0.05		-0.005		0.614

		I=20kA

		Rod, mm		B0,T		Bfr, T		b2		b3		b4		b5		B0/I

		200		11.003		5.70E-01		-24.64		0.2		-0.68		0.08		0.55

		220		11.16		0.27		-10.5		2.45		-0.35		0.13		0.558

		250		11.28		4.50E-02		-1.65		4.27		-0.1		0.17		0.564

		300		11.3		1.20E-03		-0.167		4.61		-0.054		0.18		0.565
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Sheet1

		Double aperture dipole. L - distance between two apertures.

		I=1kA

		L, mm		B0, T		Bmax, T		b2		b3		b4		b5		B0/I

		130		0.614		0.64		-0.153		0.068		-0.05		-0.004		0.614

		140		0.614		0.64		-0.142		0.067		-0.05		-0.004		0.614

		160		0.614		0.64		-0.124		0.064		-0.05		-0.004		0.614

		200		0.614		0.64		-0.104		0.064		-0.047		-0.006		0.614

		240		0.614		0.64		-0.021		0.015		-0.029		-0.005		0.614

		I=20kA

		L, mm		B0, T		Bmax, T		b2		b3		b4		b5		B0/I

		130		11.33		11.83		-6.91		5.8		-0.23		0.21		0.566

		140		11.31		11.81		-2.84		5.09		-0.124		0.19		0.565

		160		11.3		11.8		-0.37		4.68		-0.06		0.18		0.565

		200		11.3		11.8		-0.09		4.63		-0.06		0.18		0.565

		240		11.3		11.8		-0.03		4.6		-0.03		0.18		0.565

		L=200mm=const

		I=1kA

		Rod, mm		B0,T		Bfr, T		b2		b3		b4		b5		B0/I

		200		0.614		6.00E-05		-0.155		0.06		-0.05		-0.004		0.614

		220		0.614		3.80E-05		-0.13		0.06		-0.05		-0.045		0.614

		250		0.614		2.00E-05		-0.12		0.06		-0.05		-0.005		0.614

		300		0.614		1.10E-05		-0.11		0.06		-0.05		-0.005		0.614

		I=20kA

		Rod, mm		B0,T		Bfr, T		b2		b3		b4		b5		B0/I

		200		11.003		5.70E-01		-24.64		0.2		-0.68		0.08		0.55

		220		11.16		0.27		-10.5		2.45		-0.35		0.13		0.558

		250		11.28		4.50E-02		-1.65		4.27		-0.1		0.17		0.564

		300		11.3		1.20E-03		-0.167		4.61		-0.054		0.18		0.565
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Sheet1

		Double aperture dipole. L - distance between two apertures.

		I=1kA

		L, mm		B0, T		Bmax, T		b2		b3		b4		b5		B0/I

		130		0.614		0.64		-0.153		0.068		-0.05		-0.004		0.614

		140		0.614		0.64		-0.142		0.067		-0.05		-0.004		0.614

		160		0.614		0.64		-0.124		0.064		-0.05		-0.004		0.614

		200		0.614		0.64		-0.104		0.064		-0.047		-0.006		0.614

		240		0.614		0.64		-0.021		0.015		-0.029		-0.005		0.614

		I=20kA

		L, mm		B0, T		Bmax, T		b2		b3		b4		b5		B0/I

		130		11.33		11.83		-6.91		5.8		-0.23		0.21		0.566

		140		11.31		11.81		-2.84		5.09		-0.124		0.19		0.565

		160		11.3		11.8		-0.37		4.68		-0.06		0.18		0.565

		200		11.3		11.8		-0.09		4.63		-0.06		0.18		0.565

		240		11.3		11.8		-0.03		4.6		-0.03		0.18		0.565

		L=200mm=const

		I=1kA

		Rod, mm		B0,T		Bfr, T		b2		b3		b4		b5		B0/I

		200		0.614		6.00E-05		-0.155		0.06		-0.05		-0.004		0.614

		220		0.614		3.80E-05		-0.13		0.06		-0.05		-0.045		0.614

		250		0.614		2.00E-05		-0.12		0.06		-0.05		-0.005		0.614

		300		0.614		1.10E-05		-0.11		0.06		-0.05		-0.005		0.614

		I=20kA

		Rod, mm		B0,T		Bfr, T		b2		b3		b4		b5		B0/I

		200		11.003		5.70E-01		-24.64		0.2		-0.68		0.08		0.55

		220		11.16		0.27		-10.5		2.45		-0.35		0.13		0.558

		250		11.28		4.50E-02		-1.65		4.27		-0.1		0.17		0.564

		300		11.3		1.20E-03		-0.167		4.61		-0.054		0.18		0.565
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Sheet1

		Double aperture dipole. L - distance between two apertures.

		I=1kA

		L, mm		B0, T		Bmax, T		b2		b3		b4		b5		B0/I

		130		0.614		0.64		-0.153		0.068		-0.05		-0.004		0.614

		140		0.614		0.64		-0.142		0.067		-0.05		-0.004		0.614

		160		0.614		0.64		-0.124		0.064		-0.05		-0.004		0.614

		200		0.614		0.64		-0.104		0.064		-0.047		-0.006		0.614

		240		0.614		0.64		-0.021		0.015		-0.029		-0.005		0.614

		I=20kA

		L, mm		B0, T		Bmax, T		b2		b3		b4		b5		B0/I

		130		11.33		11.83		-6.91		5.8		-0.23		0.21		0.566

		140		11.31		11.81		-2.84		5.09		-0.124		0.19		0.565

		160		11.3		11.8		-0.37		4.68		-0.06		0.18		0.565

		200		11.3		11.8		-0.09		4.63		-0.06		0.18		0.565

		240		11.3		11.8		-0.03		4.6		-0.03		0.18		0.565

		L=200mm=const

		I=1kA

		Rod, mm		B0,T		Bfr, T		b2		b3		b4		b5		B0/I

		200		0.614		6.00E-05		-0.155		0.06		-0.05		-0.004		0.614

		220		0.614		3.80E-05		-0.13		0.06		-0.05		-0.045		0.614

		250		0.614		2.00E-05		-0.12		0.06		-0.05		-0.005		0.614

		300		0.614		1.10E-05		-0.11		0.06		-0.05		-0.005		0.614

		I=20kA

		Rod, mm		B0,T		Bfr, T		b2		b3		b4		b5		B0/I

		200		11.003		5.70E-01		-24.64		0.2		-0.68		0.08		0.55

		220		11.16		0.27		-10.5		2.45		-0.35		0.13		0.558

		250		11.28		4.50E-02		-1.65		4.27		-0.1		0.17		0.564

		300		11.3		1.20E-03		-0.167		4.61		-0.054		0.18		0.565
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		SOLID YOKE WITHOUT HOLES

		L=140mm, Riy=250mm

		0.4299348		10000		-0.1139899		6.62E-02		-4.83E-02		-3.21E-03		-1.23E-02		6.60E-03		1.71E-03		-8.29E-02		-1.62E-03		9.28E-02

		0.6141891		10000		-0.1025018		6.55E-02		-4.77E-02		-3.87E-03		-1.28E-02		3.99E-03		2.69E-03		-8.04E-02		2.18E-03		9.73E-02

		1.228378		10000		-0.1046135		6.51E-02		-4.75E-02		-3.73E-03		-1.22E-02		4.09E-03		2.35E-03		-8.03E-02		2.27E-03		9.66E-02

		2.456733		10000		-0.1033735		6.63E-02		-4.81E-02		-4.45E-03		-1.28E-02		4.43E-03		2.84E-03		-7.97E-02		2.34E-03		9.68E-02

		3.684458		10000		-9.72E-02		0.1210471		-4.86E-02		-4.05E-03		-1.27E-02		4.43E-03		2.80E-03		-7.95E-02		1.77E-03		9.69E-02

		4.899449		10000		-3.39E-02		0.9746585		-5.33E-02		3.65E-03		-1.30E-02		5.75E-03		3.29E-03		-7.77E-02		1.23E-03		9.92E-02

		7.160902		10000		-0.1031544		5.270635		-5.37E-02		0.1176713		-1.36E-02		1.64E-02		7.33E-03		-7.50E-02		-8.87E-03		0.1082214

		9.273284		10000		-0.5535898		5.776128		-6.71E-02		0.1794796		-1.47E-02		1.96E-02		7.72E-03		-7.59E-02		-1.03E-02		0.1123257

		11.31126		10000		-3.163734		5.044054		-0.1387677		0.1912617		-1.63E-02		1.76E-02		5.77E-03		-7.93E-02		-1.42E-02		0.1146291

		L=160mm, Riy=250mm

		0.4299324		10000		-0.1031164		6.48E-02		-4.78E-02		-2.12E-03		-1.36E-02		3.35E-03		4.73E-04		-8.11E-02		2.72E-03		9.61E-02

		0.6141891		10000		-0.1025018		6.55E-02		-4.77E-02		-3.87E-03		-1.28E-02		3.99E-03		2.69E-03		-8.04E-02		2.18E-03		9.73E-02

		1.228378		10000		-0.1046135		6.51E-02		-4.75E-02		-3.73E-03		-1.22E-02		4.09E-03		2.35E-03		-8.03E-02		2.27E-03		9.66E-02

		2.456733		10000		-0.1033735		6.63E-02		-4.81E-02		-4.45E-03		-1.28E-02		4.43E-03		2.84E-03		-7.97E-02		2.34E-03		9.68E-02

		3.684458		10000		-9.72E-02		0.1210471		-4.86E-02		-4.05E-03		-1.27E-02		4.43E-03		2.80E-03		-7.95E-02		1.77E-03		9.69E-02

		4.899449		10000		-3.39E-02		0.9746585		-5.33E-02		3.65E-03		-1.30E-02		5.75E-03		3.29E-03		-7.77E-02		1.23E-03		9.92E-02

		7.160825		10000		-7.51E-02		5.262815		-5.35E-02		0.1159779		-1.50E-02		1.56E-02		6.67E-03		-7.02E-02		-2.98E-03		0.1121404

		9.271464		10000		-0.2542482		5.704329		-5.96E-02		0.1762763		-1.60E-02		1.83E-02		6.79E-03		-7.16E-02		-3.58E-03		0.1160789

		11.29701		10000		-0.9714115		4.567114		-7.70E-02		0.1826979		-2.17E-02		1.17E-02		9.85E-03		-7.23E-02		-6.14E-03		0.1142594

		L=200mm, Riy=250mm

		0.4298961		10000		-0.1171781		6.44E-02		-4.47E-02		-5.92E-03		-1.47E-02		7.03E-03		-9.52E-04		-7.75E-02		-1.73E-03		9.95E-02

		0.6141371		10000		-0.1182545		6.45E-02		-4.74E-02		-5.54E-03		-1.37E-02		6.53E-03		9.90E-04		-7.87E-02		-3.28E-03		9.93E-02

		1.228274		10000		-0.1180917		6.50E-02		-4.80E-02		-4.12E-03		-1.36E-02		6.06E-03		1.96E-05		-7.87E-02		-2.09E-03		0.1001945

		2.456545		10000		-0.1181659		6.45E-02		-4.78E-02		-4.47E-03		-1.33E-02		6.33E-03		4.30E-04		-7.92E-02		-2.48E-03		9.99E-02

		3.68425		10000		-0.1209826		0.110472		-4.88E-02		-3.74E-03		-1.30E-02		6.33E-03		6.92E-05		-7.88E-02		-2.77E-03		9.99E-02

		4.899005		9999.999		-0.1107859		0.9867148		-5.06E-02		3.44E-03		-1.35E-02		7.74E-03		1.04E-03		-7.71E-02		-3.44E-03		0.1023984

		7.159255		10000		-0.1599697		5.255338		-5.19E-02		0.1167064		-1.55E-02		1.73E-02		4.16E-03		-6.97E-02		-7.46E-03		0.1152448

		9.26659		10000		-0.4826301		5.607169		-6.38E-02		0.1742959		-1.65E-02		1.99E-02		4.55E-03		-7.12E-02		-8.41E-03		0.1192142

		11.27977		10000		-1.656849		4.267074		-9.78E-02		0.170013		-1.97E-02		1.84E-02		3.40E-03		-7.63E-02		-8.84E-03		0.1175757

		L=240mm, Riy=250mm

		0.4299247		10000		-3.04E-02		1.65E-02		-3.05E-02		-6.82E-03		-1.72E-02		1.29E-02		2.90E-03		-7.45E-02		-2.48E-03		9.16E-02

		0.6141782		10000		-3.23E-02		1.62E-02		-2.93E-02		-4.41E-03		-1.75E-02		1.28E-02		2.90E-03		-7.56E-02		-1.65E-03		9.26E-02

		1.228356		10000		-3.04E-02		1.78E-02		-2.92E-02		-5.53E-03		-1.63E-02		1.21E-02		2.27E-03		-7.47E-02		-2.97E-03		9.16E-02

		2.456685		10000		-3.31E-02		1.72E-02		-2.92E-02		-5.08E-03		-1.64E-02		1.20E-02		2.54E-03		-7.42E-02		-2.55E-03		9.20E-02

		3.684372		10000		-3.95E-02		6.99E-02		-2.95E-02		-4.65E-03		-1.65E-02		1.20E-02		2.52E-03		-7.40E-02		-2.54E-03		9.20E-02

		4.899308		9999.999		-8.56E-02		0.911838		-2.92E-02		2.93E-03		-1.68E-02		1.34E-02		3.13E-03		-7.27E-02		-3.66E-03		9.42E-02

		7.159648		10000		-0.2344043		5.169434		-3.59E-02		0.1144576		-1.91E-02		2.28E-02		6.24E-03		-6.52E-02		-7.99E-03		0.1069442

		9.256719		10000		-1.514738		5.305383		-7.74E-02		0.1665586		-2.20E-02		2.49E-02		6.36E-03		-6.71E-02		-1.09E-02		0.110808

		11.24223		10000		-4.594182		3.561436		-0.1617987		0.1504787		-2.73E-02		2.60E-02		4.35E-03		-7.72E-02		-1.57E-02		0.1122313

		TWO CORRECTING HOLES PER QUADRANT										L=200mm, Riy=250mm

		0.4298872		10000		-0.1151024		5.73E-02		-4.75E-02		-2.62E-03		-1.46E-02		9.15E-03		1.82E-03		-8.06E-02		-4.25E-03		9.92E-02

		0.6141249		10000		-0.1139988		5.79E-02		-4.73E-02		-5.76E-03		-1.30E-02		6.61E-03		5.94E-04		-7.96E-02		-3.24E-03		0.1010572

		1.228249		10000		-0.1163523		5.91E-02		-4.77E-02		-3.61E-03		-1.34E-02		6.93E-03		4.89E-05		-7.94E-02		-2.67E-03		9.92E-02

		2.456462		10000		-0.1159351		5.26E-02		-4.76E-02		-3.68E-03		-1.31E-02		6.46E-03		4.41E-05		-7.93E-02		-2.51E-03		9.98E-02

		3.683591		10000		-0.100882		3.41E-02		-4.81E-02		-2.38E-03		-1.29E-02		6.35E-03		4.09E-04		-7.90E-02		-2.47E-03		9.97E-02

		4.888618		10000		-9.81E-02		6.63E-02		-4.85E-02		1.80E-02		-1.34E-02		7.11E-03		3.13E-04		-7.90E-02		-2.46E-03		0.1001945

		6.008988		10000		-0.1001234		0.3136876		-5.00E-02		8.23E-02		-1.35E-02		9.84E-03		4.87E-04		-7.97E-02		-2.64E-03		0.1029768

		7.082722		10000		-0.1722087		0.4876358		-5.19E-02		0.1306522		-1.37E-02		1.19E-02		4.46E-04		-8.07E-02		-2.86E-03		0.1052362

		9.160051		10000		-0.4986108		0.5106127		-6.34E-02		0.1725406		-1.48E-02		1.34E-02		6.14E-04		-8.29E-02		-3.49E-03		0.1086959

		11.173		10000		-1.755009		0.1279211		-0.1022902		0.1755586		-1.50E-02		1.35E-02		-9.66E-04		-8.76E-02		-5.61E-03		0.1128742

		TWO CORRECTING HOLES PER QUADRANT										L=160mm, Riy=250mm

		0.4299283		10000		-0.1000438		6.11E-02		-4.50E-02		-5.50E-03		-1.27E-02		3.48E-03		3.10E-04		-7.63E-02		2.55E-03		9.57E-02

		2.456682		10000		-9.58E-02		5.80E-02		-4.76E-02		-4.47E-03		-1.27E-02		4.51E-03		2.84E-03		-7.95E-02		1.68E-03		9.67E-02

		3.683772		10000		-8.76E-02		3.74E-02		-4.78E-02		-2.18E-03		-1.29E-02		4.69E-03		2.72E-03		-7.99E-02		2.04E-03		9.63E-02

		4.889251		10000		-8.45E-02		5.00E-02		-4.83E-02		1.77E-02		-1.28E-02		5.31E-03		2.53E-03		-7.99E-02		2.24E-03		9.73E-02

		6.010611		10000		-7.06E-02		0.3201563		-4.93E-02		8.17E-02		-1.30E-02		7.99E-03		2.64E-03		-8.02E-02		2.05E-03		9.99E-02

		7.084471		10000		-0.1078262		0.4990536		-5.08E-02		0.1306658		-1.35E-02		1.02E-02		2.89E-03		-8.12E-02		1.70E-03		0.1021504

		9.164019		10000		-0.2042677		0.5660696		-5.51E-02		0.1738364		-1.38E-02		1.17E-02		3.02E-03		-8.33E-02		1.63E-03		0.1054852

		11.1874		10000		-0.8012545		0.3406222		-7.03E-02		0.1816655		-1.85E-02		1.14E-02		7.13E-03		-8.67E-02		-3.44E-03		0.1094391

		TWO AND A HALF CORRECTING HOLES PER QUADRANT    L=160mm, Riy=250mm

		0.430		10000.000		-0.097		0.060		-0.048		-0.005		-0.013		0.004		0.002		-0.078		0.002		0.096

		2.457		10000.000		-0.089		0.057		-0.048		-0.004		-0.013		0.005		0.002		-0.079		0.002		0.097

		3.684		10000.000		-0.081		0.037		-0.048		-0.002		-0.013		0.005		0.003		-0.080		0.002		0.097

		4.889		10000.000		-0.076		0.049		-0.048		0.018		-0.013		0.005		0.003		-0.080		0.002		0.097

		6.010		10000.000		-0.048		0.320		-0.050		0.082		-0.013		0.008		0.003		-0.080		0.002		0.100

		7.083		10000.000		-0.001		0.498		-0.052		0.131		-0.013		0.010		0.003		-0.081		0.002		0.102

		9.155		10000.000		0.218		0.523		-0.069		0.174		-0.014		0.012		0.003		-0.084		0.002		0.105

		11.162		10000.000		0.053		0.229		-0.102		0.178		-0.018		0.016		0.006		-0.090		-0.002		0.108

		Transfer function vs. field

		I, kA		B0, T		B0/I, T/kA

		0.7		0.4299263		0.614

		4		2.45666		0.614

		6		3.683722		0.614

		8		4.88914		0.611

		10		6.01028		0.601

		12		7.083227		0.59

		16		9.154985		0.572

		20		11.16222		0.558
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		SOLID YOKE WITHOUT HOLES

		L=140mm, Riy=250mm

		0.4299348		10000		-0.1139899		6.62E-02		-4.83E-02		-3.21E-03		-1.23E-02		6.60E-03		1.71E-03		-8.29E-02		-1.62E-03		9.28E-02

		0.6141891		10000		-0.1025018		6.55E-02		-4.77E-02		-3.87E-03		-1.28E-02		3.99E-03		2.69E-03		-8.04E-02		2.18E-03		9.73E-02

		1.228378		10000		-0.1046135		6.51E-02		-4.75E-02		-3.73E-03		-1.22E-02		4.09E-03		2.35E-03		-8.03E-02		2.27E-03		9.66E-02

		2.456733		10000		-0.1033735		6.63E-02		-4.81E-02		-4.45E-03		-1.28E-02		4.43E-03		2.84E-03		-7.97E-02		2.34E-03		9.68E-02

		3.684458		10000		-9.72E-02		0.1210471		-4.86E-02		-4.05E-03		-1.27E-02		4.43E-03		2.80E-03		-7.95E-02		1.77E-03		9.69E-02

		4.899449		10000		-3.39E-02		0.9746585		-5.33E-02		3.65E-03		-1.30E-02		5.75E-03		3.29E-03		-7.77E-02		1.23E-03		9.92E-02

		7.160902		10000		-0.1031544		5.270635		-5.37E-02		0.1176713		-1.36E-02		1.64E-02		7.33E-03		-7.50E-02		-8.87E-03		0.1082214

		9.273284		10000		-0.5535898		5.776128		-6.71E-02		0.1794796		-1.47E-02		1.96E-02		7.72E-03		-7.59E-02		-1.03E-02		0.1123257

		11.31126		10000		-3.163734		5.044054		-0.1387677		0.1912617		-1.63E-02		1.76E-02		5.77E-03		-7.93E-02		-1.42E-02		0.1146291

		L=160mm, Riy=250mm

		0.4299324		10000		-0.1031164		6.48E-02		-4.78E-02		-2.12E-03		-1.36E-02		3.35E-03		4.73E-04		-8.11E-02		2.72E-03		9.61E-02

		0.6141891		10000		-0.1025018		6.55E-02		-4.77E-02		-3.87E-03		-1.28E-02		3.99E-03		2.69E-03		-8.04E-02		2.18E-03		9.73E-02

		1.228378		10000		-0.1046135		6.51E-02		-4.75E-02		-3.73E-03		-1.22E-02		4.09E-03		2.35E-03		-8.03E-02		2.27E-03		9.66E-02

		2.456733		10000		-0.1033735		6.63E-02		-4.81E-02		-4.45E-03		-1.28E-02		4.43E-03		2.84E-03		-7.97E-02		2.34E-03		9.68E-02

		3.684458		10000		-9.72E-02		0.1210471		-4.86E-02		-4.05E-03		-1.27E-02		4.43E-03		2.80E-03		-7.95E-02		1.77E-03		9.69E-02

		4.899449		10000		-3.39E-02		0.9746585		-5.33E-02		3.65E-03		-1.30E-02		5.75E-03		3.29E-03		-7.77E-02		1.23E-03		9.92E-02

		7.160825		10000		-7.51E-02		5.262815		-5.35E-02		0.1159779		-1.50E-02		1.56E-02		6.67E-03		-7.02E-02		-2.98E-03		0.1121404

		9.271464		10000		-0.2542482		5.704329		-5.96E-02		0.1762763		-1.60E-02		1.83E-02		6.79E-03		-7.16E-02		-3.58E-03		0.1160789

		11.29701		10000		-0.9714115		4.567114		-7.70E-02		0.1826979		-2.17E-02		1.17E-02		9.85E-03		-7.23E-02		-6.14E-03		0.1142594

		L=200mm, Riy=250mm

		0.4298961		10000		-0.1171781		6.44E-02		-4.47E-02		-5.92E-03		-1.47E-02		7.03E-03		-9.52E-04		-7.75E-02		-1.73E-03		9.95E-02

		0.6141371		10000		-0.1182545		6.45E-02		-4.74E-02		-5.54E-03		-1.37E-02		6.53E-03		9.90E-04		-7.87E-02		-3.28E-03		9.93E-02

		1.228274		10000		-0.1180917		6.50E-02		-4.80E-02		-4.12E-03		-1.36E-02		6.06E-03		1.96E-05		-7.87E-02		-2.09E-03		0.1001945

		2.456545		10000		-0.1181659		6.45E-02		-4.78E-02		-4.47E-03		-1.33E-02		6.33E-03		4.30E-04		-7.92E-02		-2.48E-03		9.99E-02

		3.68425		10000		-0.1209826		0.110472		-4.88E-02		-3.74E-03		-1.30E-02		6.33E-03		6.92E-05		-7.88E-02		-2.77E-03		9.99E-02

		4.899005		9999.999		-0.1107859		0.9867148		-5.06E-02		3.44E-03		-1.35E-02		7.74E-03		1.04E-03		-7.71E-02		-3.44E-03		0.1023984

		7.159255		10000		-0.1599697		5.255338		-5.19E-02		0.1167064		-1.55E-02		1.73E-02		4.16E-03		-6.97E-02		-7.46E-03		0.1152448

		9.26659		10000		-0.4826301		5.607169		-6.38E-02		0.1742959		-1.65E-02		1.99E-02		4.55E-03		-7.12E-02		-8.41E-03		0.1192142

		11.27977		10000		-1.656849		4.267074		-9.78E-02		0.170013		-1.97E-02		1.84E-02		3.40E-03		-7.63E-02		-8.84E-03		0.1175757

		L=240mm, Riy=250mm

		0.4299247		10000		-3.04E-02		1.65E-02		-3.05E-02		-6.82E-03		-1.72E-02		1.29E-02		2.90E-03		-7.45E-02		-2.48E-03		9.16E-02

		0.6141782		10000		-3.23E-02		1.62E-02		-2.93E-02		-4.41E-03		-1.75E-02		1.28E-02		2.90E-03		-7.56E-02		-1.65E-03		9.26E-02

		1.228356		10000		-3.04E-02		1.78E-02		-2.92E-02		-5.53E-03		-1.63E-02		1.21E-02		2.27E-03		-7.47E-02		-2.97E-03		9.16E-02

		2.456685		10000		-3.31E-02		1.72E-02		-2.92E-02		-5.08E-03		-1.64E-02		1.20E-02		2.54E-03		-7.42E-02		-2.55E-03		9.20E-02

		3.684372		10000		-3.95E-02		6.99E-02		-2.95E-02		-4.65E-03		-1.65E-02		1.20E-02		2.52E-03		-7.40E-02		-2.54E-03		9.20E-02

		4.899308		9999.999		-8.56E-02		0.911838		-2.92E-02		2.93E-03		-1.68E-02		1.34E-02		3.13E-03		-7.27E-02		-3.66E-03		9.42E-02

		7.159648		10000		-0.2344043		5.169434		-3.59E-02		0.1144576		-1.91E-02		2.28E-02		6.24E-03		-6.52E-02		-7.99E-03		0.1069442

		9.256719		10000		-1.514738		5.305383		-7.74E-02		0.1665586		-2.20E-02		2.49E-02		6.36E-03		-6.71E-02		-1.09E-02		0.110808

		11.24223		10000		-4.594182		3.561436		-0.1617987		0.1504787		-2.73E-02		2.60E-02		4.35E-03		-7.72E-02		-1.57E-02		0.1122313

		TWO CORRECTING HOLES PER QUADRANT										L=200mm, Riy=250mm

		0.4298872		10000		-0.1151024		5.73E-02		-4.75E-02		-2.62E-03		-1.46E-02		9.15E-03		1.82E-03		-8.06E-02		-4.25E-03		9.92E-02

		0.6141249		10000		-0.1139988		5.79E-02		-4.73E-02		-5.76E-03		-1.30E-02		6.61E-03		5.94E-04		-7.96E-02		-3.24E-03		0.1010572

		1.228249		10000		-0.1163523		5.91E-02		-4.77E-02		-3.61E-03		-1.34E-02		6.93E-03		4.89E-05		-7.94E-02		-2.67E-03		9.92E-02

		2.456462		10000		-0.1159351		5.26E-02		-4.76E-02		-3.68E-03		-1.31E-02		6.46E-03		4.41E-05		-7.93E-02		-2.51E-03		9.98E-02

		3.683591		10000		-0.100882		3.41E-02		-4.81E-02		-2.38E-03		-1.29E-02		6.35E-03		4.09E-04		-7.90E-02		-2.47E-03		9.97E-02

		4.888618		10000		-9.81E-02		6.63E-02		-4.85E-02		1.80E-02		-1.34E-02		7.11E-03		3.13E-04		-7.90E-02		-2.46E-03		0.1001945

		6.008988		10000		-0.1001234		0.3136876		-5.00E-02		8.23E-02		-1.35E-02		9.84E-03		4.87E-04		-7.97E-02		-2.64E-03		0.1029768

		7.082722		10000		-0.1722087		0.4876358		-5.19E-02		0.1306522		-1.37E-02		1.19E-02		4.46E-04		-8.07E-02		-2.86E-03		0.1052362

		9.160051		10000		-0.4986108		0.5106127		-6.34E-02		0.1725406		-1.48E-02		1.34E-02		6.14E-04		-8.29E-02		-3.49E-03		0.1086959

		11.173		10000		-1.755009		0.1279211		-0.1022902		0.1755586		-1.50E-02		1.35E-02		-9.66E-04		-8.76E-02		-5.61E-03		0.1128742

		TWO CORRECTING HOLES PER QUADRANT										L=160mm, Riy=250mm

		0.4299283		10000		-0.1000438		6.11E-02		-4.50E-02		-5.50E-03		-1.27E-02		3.48E-03		3.10E-04		-7.63E-02		2.55E-03		9.57E-02

		2.456682		10000		-9.58E-02		5.80E-02		-4.76E-02		-4.47E-03		-1.27E-02		4.51E-03		2.84E-03		-7.95E-02		1.68E-03		9.67E-02

		3.683772		10000		-8.76E-02		3.74E-02		-4.78E-02		-2.18E-03		-1.29E-02		4.69E-03		2.72E-03		-7.99E-02		2.04E-03		9.63E-02

		4.889251		10000		-8.45E-02		5.00E-02		-4.83E-02		1.77E-02		-1.28E-02		5.31E-03		2.53E-03		-7.99E-02		2.24E-03		9.73E-02

		6.010611		10000		-7.06E-02		0.3201563		-4.93E-02		8.17E-02		-1.30E-02		7.99E-03		2.64E-03		-8.02E-02		2.05E-03		9.99E-02

		7.084471		10000		-0.1078262		0.4990536		-5.08E-02		0.1306658		-1.35E-02		1.02E-02		2.89E-03		-8.12E-02		1.70E-03		0.1021504

		9.164019		10000		-0.2042677		0.5660696		-5.51E-02		0.1738364		-1.38E-02		1.17E-02		3.02E-03		-8.33E-02		1.63E-03		0.1054852

		11.1874		10000		-0.8012545		0.3406222		-7.03E-02		0.1816655		-1.85E-02		1.14E-02		7.13E-03		-8.67E-02		-3.44E-03		0.1094391

		TWO AND A HALF CORRECTING HOLES PER QUADRANT    L=160mm, Riy=250mm

		0.430		10000.000		-0.097		0.060		-0.048		-0.005		-0.013		0.004		0.002		-0.078		0.002		0.096

		2.457		10000.000		-0.089		0.057		-0.048		-0.004		-0.013		0.005		0.002		-0.079		0.002		0.097

		3.684		10000.000		-0.081		0.037		-0.048		-0.002		-0.013		0.005		0.003		-0.080		0.002		0.097

		4.889		10000.000		-0.076		0.049		-0.048		0.018		-0.013		0.005		0.003		-0.080		0.002		0.097

		6.010		10000.000		-0.048		0.320		-0.050		0.082		-0.013		0.008		0.003		-0.080		0.002		0.100

		7.083		10000.000		-0.001		0.498		-0.052		0.131		-0.013		0.010		0.003		-0.081		0.002		0.102

		9.155		10000.000		0.218		0.523		-0.069		0.174		-0.014		0.012		0.003		-0.084		0.002		0.105

		11.162		10000.000		0.053		0.229		-0.102		0.178		-0.018		0.016		0.006		-0.090		-0.002		0.108

		Transfer function vs. field

		I, kA		B0, T		B0/I, T/kA

		0.7		0.4299263		0.614

		4		2.45666		0.614

		6		3.683722		0.614

		8		4.88914		0.611

		10		6.01028		0.601

		12		7.083227		0.59

		16		9.154985		0.572

		20		11.16222		0.558

		Quadrupole at 20kA vs. beam to beam dist.

		L,mm		b2
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		150		-1.47

		160		-0.9714115

		170		-0.99

		180		-1.107

		190		-1.355

		200		-1.656849

		220		-2.82

		240		-4.594182
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		SOLID YOKE WITHOUT HOLES

		L=140mm, Riy=250mm

		0.4299348		10000		-0.1139899		6.62E-02		-4.83E-02		-3.21E-03		-1.23E-02		6.60E-03		1.71E-03		-8.29E-02		-1.62E-03		9.28E-02

		0.6141891		10000		-0.1025018		6.55E-02		-4.77E-02		-3.87E-03		-1.28E-02		3.99E-03		2.69E-03		-8.04E-02		2.18E-03		9.73E-02

		1.228378		10000		-0.1046135		6.51E-02		-4.75E-02		-3.73E-03		-1.22E-02		4.09E-03		2.35E-03		-8.03E-02		2.27E-03		9.66E-02

		2.456733		10000		-0.1033735		6.63E-02		-4.81E-02		-4.45E-03		-1.28E-02		4.43E-03		2.84E-03		-7.97E-02		2.34E-03		9.68E-02

		3.684458		10000		-9.72E-02		0.1210471		-4.86E-02		-4.05E-03		-1.27E-02		4.43E-03		2.80E-03		-7.95E-02		1.77E-03		9.69E-02

		4.899449		10000		-3.39E-02		0.9746585		-5.33E-02		3.65E-03		-1.30E-02		5.75E-03		3.29E-03		-7.77E-02		1.23E-03		9.92E-02

		7.160902		10000		-0.1031544		5.270635		-5.37E-02		0.1176713		-1.36E-02		1.64E-02		7.33E-03		-7.50E-02		-8.87E-03		0.1082214

		9.273284		10000		-0.5535898		5.776128		-6.71E-02		0.1794796		-1.47E-02		1.96E-02		7.72E-03		-7.59E-02		-1.03E-02		0.1123257

		11.31126		10000		-3.163734		5.044054		-0.1387677		0.1912617		-1.63E-02		1.76E-02		5.77E-03		-7.93E-02		-1.42E-02		0.1146291

		L=160mm, Riy=250mm

		0.4299324		10000		-0.1031164		6.48E-02		-4.78E-02		-2.12E-03		-1.36E-02		3.35E-03		4.73E-04		-8.11E-02		2.72E-03		9.61E-02

		0.6141891		10000		-0.1025018		6.55E-02		-4.77E-02		-3.87E-03		-1.28E-02		3.99E-03		2.69E-03		-8.04E-02		2.18E-03		9.73E-02

		1.228378		10000		-0.1046135		6.51E-02		-4.75E-02		-3.73E-03		-1.22E-02		4.09E-03		2.35E-03		-8.03E-02		2.27E-03		9.66E-02

		2.456733		10000		-0.1033735		6.63E-02		-4.81E-02		-4.45E-03		-1.28E-02		4.43E-03		2.84E-03		-7.97E-02		2.34E-03		9.68E-02

		3.684458		10000		-9.72E-02		0.1210471		-4.86E-02		-4.05E-03		-1.27E-02		4.43E-03		2.80E-03		-7.95E-02		1.77E-03		9.69E-02

		4.899449		10000		-3.39E-02		0.9746585		-5.33E-02		3.65E-03		-1.30E-02		5.75E-03		3.29E-03		-7.77E-02		1.23E-03		9.92E-02

		7.160825		10000		-7.51E-02		5.262815		-5.35E-02		0.1159779		-1.50E-02		1.56E-02		6.67E-03		-7.02E-02		-2.98E-03		0.1121404

		9.271464		10000		-0.2542482		5.704329		-5.96E-02		0.1762763		-1.60E-02		1.83E-02		6.79E-03		-7.16E-02		-3.58E-03		0.1160789

		11.29701		10000		-0.9714115		4.567114		-7.70E-02		0.1826979		-2.17E-02		1.17E-02		9.85E-03		-7.23E-02		-6.14E-03		0.1142594

		L=200mm, Riy=250mm

		0.4298961		10000		-0.1171781		6.44E-02		-4.47E-02		-5.92E-03		-1.47E-02		7.03E-03		-9.52E-04		-7.75E-02		-1.73E-03		9.95E-02

		0.6141371		10000		-0.1182545		6.45E-02		-4.74E-02		-5.54E-03		-1.37E-02		6.53E-03		9.90E-04		-7.87E-02		-3.28E-03		9.93E-02

		1.228274		10000		-0.1180917		6.50E-02		-4.80E-02		-4.12E-03		-1.36E-02		6.06E-03		1.96E-05		-7.87E-02		-2.09E-03		0.1001945

		2.456545		10000		-0.1181659		6.45E-02		-4.78E-02		-4.47E-03		-1.33E-02		6.33E-03		4.30E-04		-7.92E-02		-2.48E-03		9.99E-02

		3.68425		10000		-0.1209826		0.110472		-4.88E-02		-3.74E-03		-1.30E-02		6.33E-03		6.92E-05		-7.88E-02		-2.77E-03		9.99E-02

		4.899005		9999.999		-0.1107859		0.9867148		-5.06E-02		3.44E-03		-1.35E-02		7.74E-03		1.04E-03		-7.71E-02		-3.44E-03		0.1023984

		7.159255		10000		-0.1599697		5.255338		-5.19E-02		0.1167064		-1.55E-02		1.73E-02		4.16E-03		-6.97E-02		-7.46E-03		0.1152448

		9.26659		10000		-0.4826301		5.607169		-6.38E-02		0.1742959		-1.65E-02		1.99E-02		4.55E-03		-7.12E-02		-8.41E-03		0.1192142

		11.27977		10000		-1.656849		4.267074		-9.78E-02		0.170013		-1.97E-02		1.84E-02		3.40E-03		-7.63E-02		-8.84E-03		0.1175757

		L=240mm, Riy=250mm

		0.4299247		10000		-3.04E-02		1.65E-02		-3.05E-02		-6.82E-03		-1.72E-02		1.29E-02		2.90E-03		-7.45E-02		-2.48E-03		9.16E-02

		0.6141782		10000		-3.23E-02		1.62E-02		-2.93E-02		-4.41E-03		-1.75E-02		1.28E-02		2.90E-03		-7.56E-02		-1.65E-03		9.26E-02

		1.228356		10000		-3.04E-02		1.78E-02		-2.92E-02		-5.53E-03		-1.63E-02		1.21E-02		2.27E-03		-7.47E-02		-2.97E-03		9.16E-02

		2.456685		10000		-3.31E-02		1.72E-02		-2.92E-02		-5.08E-03		-1.64E-02		1.20E-02		2.54E-03		-7.42E-02		-2.55E-03		9.20E-02

		3.684372		10000		-3.95E-02		6.99E-02		-2.95E-02		-4.65E-03		-1.65E-02		1.20E-02		2.52E-03		-7.40E-02		-2.54E-03		9.20E-02

		4.899308		9999.999		-8.56E-02		0.911838		-2.92E-02		2.93E-03		-1.68E-02		1.34E-02		3.13E-03		-7.27E-02		-3.66E-03		9.42E-02

		7.159648		10000		-0.2344043		5.169434		-3.59E-02		0.1144576		-1.91E-02		2.28E-02		6.24E-03		-6.52E-02		-7.99E-03		0.1069442

		9.256719		10000		-1.514738		5.305383		-7.74E-02		0.1665586		-2.20E-02		2.49E-02		6.36E-03		-6.71E-02		-1.09E-02		0.110808

		11.24223		10000		-4.594182		3.561436		-0.1617987		0.1504787		-2.73E-02		2.60E-02		4.35E-03		-7.72E-02		-1.57E-02		0.1122313

		TWO CORRECTING HOLES PER QUADRANT										L=200mm, Riy=250mm

		0.4298872		10000		-0.1151024		5.73E-02		-4.75E-02		-2.62E-03		-1.46E-02		9.15E-03		1.82E-03		-8.06E-02		-4.25E-03		9.92E-02

		0.6141249		10000		-0.1139988		5.79E-02		-4.73E-02		-5.76E-03		-1.30E-02		6.61E-03		5.94E-04		-7.96E-02		-3.24E-03		0.1010572

		1.228249		10000		-0.1163523		5.91E-02		-4.77E-02		-3.61E-03		-1.34E-02		6.93E-03		4.89E-05		-7.94E-02		-2.67E-03		9.92E-02

		2.456462		10000		-0.1159351		5.26E-02		-4.76E-02		-3.68E-03		-1.31E-02		6.46E-03		4.41E-05		-7.93E-02		-2.51E-03		9.98E-02

		3.683591		10000		-0.100882		3.41E-02		-4.81E-02		-2.38E-03		-1.29E-02		6.35E-03		4.09E-04		-7.90E-02		-2.47E-03		9.97E-02

		4.888618		10000		-9.81E-02		6.63E-02		-4.85E-02		1.80E-02		-1.34E-02		7.11E-03		3.13E-04		-7.90E-02		-2.46E-03		0.1001945

		6.008988		10000		-0.1001234		0.3136876		-5.00E-02		8.23E-02		-1.35E-02		9.84E-03		4.87E-04		-7.97E-02		-2.64E-03		0.1029768

		7.082722		10000		-0.1722087		0.4876358		-5.19E-02		0.1306522		-1.37E-02		1.19E-02		4.46E-04		-8.07E-02		-2.86E-03		0.1052362

		9.160051		10000		-0.4986108		0.5106127		-6.34E-02		0.1725406		-1.48E-02		1.34E-02		6.14E-04		-8.29E-02		-3.49E-03		0.1086959

		11.173		10000		-1.755009		0.1279211		-0.1022902		0.1755586		-1.50E-02		1.35E-02		-9.66E-04		-8.76E-02		-5.61E-03		0.1128742

		TWO CORRECTING HOLES PER QUADRANT										L=160mm, Riy=250mm

		0.4299283		10000		-0.1000438		6.11E-02		-4.50E-02		-5.50E-03		-1.27E-02		3.48E-03		3.10E-04		-7.63E-02		2.55E-03		9.57E-02

		2.456682		10000		-9.58E-02		5.80E-02		-4.76E-02		-4.47E-03		-1.27E-02		4.51E-03		2.84E-03		-7.95E-02		1.68E-03		9.67E-02

		3.683772		10000		-8.76E-02		3.74E-02		-4.78E-02		-2.18E-03		-1.29E-02		4.69E-03		2.72E-03		-7.99E-02		2.04E-03		9.63E-02

		4.889251		10000		-8.45E-02		5.00E-02		-4.83E-02		1.77E-02		-1.28E-02		5.31E-03		2.53E-03		-7.99E-02		2.24E-03		9.73E-02

		6.010611		10000		-7.06E-02		0.3201563		-4.93E-02		8.17E-02		-1.30E-02		7.99E-03		2.64E-03		-8.02E-02		2.05E-03		9.99E-02

		7.084471		10000		-0.1078262		0.4990536		-5.08E-02		0.1306658		-1.35E-02		1.02E-02		2.89E-03		-8.12E-02		1.70E-03		0.1021504

		9.164019		10000		-0.2042677		0.5660696		-5.51E-02		0.1738364		-1.38E-02		1.17E-02		3.02E-03		-8.33E-02		1.63E-03		0.1054852

		11.1874		10000		-0.8012545		0.3406222		-7.03E-02		0.1816655		-1.85E-02		1.14E-02		7.13E-03		-8.67E-02		-3.44E-03		0.1094391

		TWO AND A HALF CORRECTING HOLES PER QUADRANT    L=160mm, Riy=250mm

		0.430		10000.000		-0.097		0.060		-0.048		-0.005		-0.013		0.004		0.002		-0.078		0.002		0.096

		2.457		10000.000		-0.089		0.057		-0.048		-0.004		-0.013		0.005		0.002		-0.079		0.002		0.097

		3.684		10000.000		-0.081		0.037		-0.048		-0.002		-0.013		0.005		0.003		-0.080		0.002		0.097

		4.889		10000.000		-0.076		0.049		-0.048		0.018		-0.013		0.005		0.003		-0.080		0.002		0.097

		6.010		10000.000		-0.048		0.320		-0.050		0.082		-0.013		0.008		0.003		-0.080		0.002		0.100

		7.083		10000.000		-0.001		0.498		-0.052		0.131		-0.013		0.010		0.003		-0.081		0.002		0.102

		9.155		10000.000		0.218		0.523		-0.069		0.174		-0.014		0.012		0.003		-0.084		0.002		0.105

		11.162		10000.000		0.053		0.229		-0.102		0.178		-0.018		0.016		0.006		-0.090		-0.002		0.108

		Transfer function vs. field

		I, kA		B0, T		B0/I, T/kA

		0.7		0.4299263		0.614

		4		2.45666		0.614

		6		3.683722		0.614

		8		4.88914		0.611

		10		6.01028		0.601

		12		7.083227		0.59

		16		9.154985		0.572

		20		11.16222		0.558
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		SOLID YOKE WITHOUT HOLES

		L=140mm, Riy=250mm

		0.4299348		10000		-0.1139899		6.62E-02		-4.83E-02		-3.21E-03		-1.23E-02		6.60E-03		1.71E-03		-8.29E-02		-1.62E-03		9.28E-02

		0.6141891		10000		-0.1025018		6.55E-02		-4.77E-02		-3.87E-03		-1.28E-02		3.99E-03		2.69E-03		-8.04E-02		2.18E-03		9.73E-02

		1.228378		10000		-0.1046135		6.51E-02		-4.75E-02		-3.73E-03		-1.22E-02		4.09E-03		2.35E-03		-8.03E-02		2.27E-03		9.66E-02

		2.456733		10000		-0.1033735		6.63E-02		-4.81E-02		-4.45E-03		-1.28E-02		4.43E-03		2.84E-03		-7.97E-02		2.34E-03		9.68E-02

		3.684458		10000		-9.72E-02		0.1210471		-4.86E-02		-4.05E-03		-1.27E-02		4.43E-03		2.80E-03		-7.95E-02		1.77E-03		9.69E-02

		4.899449		10000		-3.39E-02		0.9746585		-5.33E-02		3.65E-03		-1.30E-02		5.75E-03		3.29E-03		-7.77E-02		1.23E-03		9.92E-02

		7.160902		10000		-0.1031544		5.270635		-5.37E-02		0.1176713		-1.36E-02		1.64E-02		7.33E-03		-7.50E-02		-8.87E-03		0.1082214

		9.273284		10000		-0.5535898		5.776128		-6.71E-02		0.1794796		-1.47E-02		1.96E-02		7.72E-03		-7.59E-02		-1.03E-02		0.1123257

		11.31126		10000		-3.163734		5.044054		-0.1387677		0.1912617		-1.63E-02		1.76E-02		5.77E-03		-7.93E-02		-1.42E-02		0.1146291

		L=160mm, Riy=250mm

		0.4299324		10000		-0.1031164		6.48E-02		-4.78E-02		-2.12E-03		-1.36E-02		3.35E-03		4.73E-04		-8.11E-02		2.72E-03		9.61E-02

		0.6141891		10000		-0.1025018		6.55E-02		-4.77E-02		-3.87E-03		-1.28E-02		3.99E-03		2.69E-03		-8.04E-02		2.18E-03		9.73E-02

		1.228378		10000		-0.1046135		6.51E-02		-4.75E-02		-3.73E-03		-1.22E-02		4.09E-03		2.35E-03		-8.03E-02		2.27E-03		9.66E-02

		2.456733		10000		-0.1033735		6.63E-02		-4.81E-02		-4.45E-03		-1.28E-02		4.43E-03		2.84E-03		-7.97E-02		2.34E-03		9.68E-02

		3.684458		10000		-9.72E-02		0.1210471		-4.86E-02		-4.05E-03		-1.27E-02		4.43E-03		2.80E-03		-7.95E-02		1.77E-03		9.69E-02

		4.899449		10000		-3.39E-02		0.9746585		-5.33E-02		3.65E-03		-1.30E-02		5.75E-03		3.29E-03		-7.77E-02		1.23E-03		9.92E-02

		7.160825		10000		-7.51E-02		5.262815		-5.35E-02		0.1159779		-1.50E-02		1.56E-02		6.67E-03		-7.02E-02		-2.98E-03		0.1121404

		9.271464		10000		-0.2542482		5.704329		-5.96E-02		0.1762763		-1.60E-02		1.83E-02		6.79E-03		-7.16E-02		-3.58E-03		0.1160789

		11.29701		10000		-0.9714115		4.567114		-7.70E-02		0.1826979		-2.17E-02		1.17E-02		9.85E-03		-7.23E-02		-6.14E-03		0.1142594

		L=200mm, Riy=250mm

		0.4298961		10000		-0.1171781		6.44E-02		-4.47E-02		-5.92E-03		-1.47E-02		7.03E-03		-9.52E-04		-7.75E-02		-1.73E-03		9.95E-02

		0.6141371		10000		-0.1182545		6.45E-02		-4.74E-02		-5.54E-03		-1.37E-02		6.53E-03		9.90E-04		-7.87E-02		-3.28E-03		9.93E-02

		1.228274		10000		-0.1180917		6.50E-02		-4.80E-02		-4.12E-03		-1.36E-02		6.06E-03		1.96E-05		-7.87E-02		-2.09E-03		0.1001945

		2.456545		10000		-0.1181659		6.45E-02		-4.78E-02		-4.47E-03		-1.33E-02		6.33E-03		4.30E-04		-7.92E-02		-2.48E-03		9.99E-02

		3.68425		10000		-0.1209826		0.110472		-4.88E-02		-3.74E-03		-1.30E-02		6.33E-03		6.92E-05		-7.88E-02		-2.77E-03		9.99E-02

		4.899005		9999.999		-0.1107859		0.9867148		-5.06E-02		3.44E-03		-1.35E-02		7.74E-03		1.04E-03		-7.71E-02		-3.44E-03		0.1023984

		7.159255		10000		-0.1599697		5.255338		-5.19E-02		0.1167064		-1.55E-02		1.73E-02		4.16E-03		-6.97E-02		-7.46E-03		0.1152448

		9.26659		10000		-0.4826301		5.607169		-6.38E-02		0.1742959		-1.65E-02		1.99E-02		4.55E-03		-7.12E-02		-8.41E-03		0.1192142

		11.27977		10000		-1.656849		4.267074		-9.78E-02		0.170013		-1.97E-02		1.84E-02		3.40E-03		-7.63E-02		-8.84E-03		0.1175757

		L=240mm, Riy=250mm

		0.4299247		10000		-3.04E-02		1.65E-02		-3.05E-02		-6.82E-03		-1.72E-02		1.29E-02		2.90E-03		-7.45E-02		-2.48E-03		9.16E-02

		0.6141782		10000		-3.23E-02		1.62E-02		-2.93E-02		-4.41E-03		-1.75E-02		1.28E-02		2.90E-03		-7.56E-02		-1.65E-03		9.26E-02

		1.228356		10000		-3.04E-02		1.78E-02		-2.92E-02		-5.53E-03		-1.63E-02		1.21E-02		2.27E-03		-7.47E-02		-2.97E-03		9.16E-02

		2.456685		10000		-3.31E-02		1.72E-02		-2.92E-02		-5.08E-03		-1.64E-02		1.20E-02		2.54E-03		-7.42E-02		-2.55E-03		9.20E-02

		3.684372		10000		-3.95E-02		6.99E-02		-2.95E-02		-4.65E-03		-1.65E-02		1.20E-02		2.52E-03		-7.40E-02		-2.54E-03		9.20E-02

		4.899308		9999.999		-8.56E-02		0.911838		-2.92E-02		2.93E-03		-1.68E-02		1.34E-02		3.13E-03		-7.27E-02		-3.66E-03		9.42E-02

		7.159648		10000		-0.2344043		5.169434		-3.59E-02		0.1144576		-1.91E-02		2.28E-02		6.24E-03		-6.52E-02		-7.99E-03		0.1069442

		9.256719		10000		-1.514738		5.305383		-7.74E-02		0.1665586		-2.20E-02		2.49E-02		6.36E-03		-6.71E-02		-1.09E-02		0.110808

		11.24223		10000		-4.594182		3.561436		-0.1617987		0.1504787		-2.73E-02		2.60E-02		4.35E-03		-7.72E-02		-1.57E-02		0.1122313

		TWO CORRECTING HOLES PER QUADRANT										L=200mm, Riy=250mm

		0.4298872		10000		-0.1151024		5.73E-02		-4.75E-02		-2.62E-03		-1.46E-02		9.15E-03		1.82E-03		-8.06E-02		-4.25E-03		9.92E-02

		0.6141249		10000		-0.1139988		5.79E-02		-4.73E-02		-5.76E-03		-1.30E-02		6.61E-03		5.94E-04		-7.96E-02		-3.24E-03		0.1010572

		1.228249		10000		-0.1163523		5.91E-02		-4.77E-02		-3.61E-03		-1.34E-02		6.93E-03		4.89E-05		-7.94E-02		-2.67E-03		9.92E-02

		2.456462		10000		-0.1159351		5.26E-02		-4.76E-02		-3.68E-03		-1.31E-02		6.46E-03		4.41E-05		-7.93E-02		-2.51E-03		9.98E-02

		3.683591		10000		-0.100882		3.41E-02		-4.81E-02		-2.38E-03		-1.29E-02		6.35E-03		4.09E-04		-7.90E-02		-2.47E-03		9.97E-02

		4.888618		10000		-9.81E-02		6.63E-02		-4.85E-02		1.80E-02		-1.34E-02		7.11E-03		3.13E-04		-7.90E-02		-2.46E-03		0.1001945

		6.008988		10000		-0.1001234		0.3136876		-5.00E-02		8.23E-02		-1.35E-02		9.84E-03		4.87E-04		-7.97E-02		-2.64E-03		0.1029768

		7.082722		10000		-0.1722087		0.4876358		-5.19E-02		0.1306522		-1.37E-02		1.19E-02		4.46E-04		-8.07E-02		-2.86E-03		0.1052362

		9.160051		10000		-0.4986108		0.5106127		-6.34E-02		0.1725406		-1.48E-02		1.34E-02		6.14E-04		-8.29E-02		-3.49E-03		0.1086959

		11.173		10000		-1.755009		0.1279211		-0.1022902		0.1755586		-1.50E-02		1.35E-02		-9.66E-04		-8.76E-02		-5.61E-03		0.1128742

		TWO CORRECTING HOLES PER QUADRANT										L=160mm, Riy=250mm

		0.4299283		10000		-0.1000438		6.11E-02		-4.50E-02		-5.50E-03		-1.27E-02		3.48E-03		3.10E-04		-7.63E-02		2.55E-03		9.57E-02

		2.456682		10000		-9.58E-02		5.80E-02		-4.76E-02		-4.47E-03		-1.27E-02		4.51E-03		2.84E-03		-7.95E-02		1.68E-03		9.67E-02

		3.683772		10000		-8.76E-02		3.74E-02		-4.78E-02		-2.18E-03		-1.29E-02		4.69E-03		2.72E-03		-7.99E-02		2.04E-03		9.63E-02

		4.889251		10000		-8.45E-02		5.00E-02		-4.83E-02		1.77E-02		-1.28E-02		5.31E-03		2.53E-03		-7.99E-02		2.24E-03		9.73E-02

		6.010611		10000		-7.06E-02		0.3201563		-4.93E-02		8.17E-02		-1.30E-02		7.99E-03		2.64E-03		-8.02E-02		2.05E-03		9.99E-02

		7.084471		10000		-0.1078262		0.4990536		-5.08E-02		0.1306658		-1.35E-02		1.02E-02		2.89E-03		-8.12E-02		1.70E-03		0.1021504

		9.164019		10000		-0.2042677		0.5660696		-5.51E-02		0.1738364		-1.38E-02		1.17E-02		3.02E-03		-8.33E-02		1.63E-03		0.1054852

		11.1874		10000		-0.8012545		0.3406222		-7.03E-02		0.1816655		-1.85E-02		1.14E-02		7.13E-03		-8.67E-02		-3.44E-03		0.1094391

		TWO AND A HALF CORRECTING HOLES PER QUADRANT    L=160mm, Riy=250mm

		0.430		10000.000		-0.097		0.060		-0.048		-0.005		-0.013		0.004		0.002		-0.078		0.002		0.096

		2.457		10000.000		-0.089		0.057		-0.048		-0.004		-0.013		0.005		0.002		-0.079		0.002		0.097

		3.684		10000.000		-0.081		0.037		-0.048		-0.002		-0.013		0.005		0.003		-0.080		0.002		0.097

		4.889		10000.000		-0.076		0.049		-0.048		0.018		-0.013		0.005		0.003		-0.080		0.002		0.097

		6.010		10000.000		-0.048		0.320		-0.050		0.082		-0.013		0.008		0.003		-0.080		0.002		0.100

		7.083		10000.000		-0.001		0.498		-0.052		0.131		-0.013		0.010		0.003		-0.081		0.002		0.102

		9.155		10000.000		0.218		0.523		-0.069		0.174		-0.014		0.012		0.003		-0.084		0.002		0.105

		11.162		10000.000		0.053		0.229		-0.102		0.178		-0.018		0.016		0.006		-0.090		-0.002		0.108

		Transfer function vs. field

		I, kA		B0, T		B0/I, T/kA

		0.7		0.4299263		0.614

		4		2.45666		0.614

		6		3.683722		0.614

		8		4.88914		0.611

		10		6.01028		0.601

		12		7.083227		0.59

		16		9.154985		0.572

		20		11.16222		0.558

		Quadrupole at 20kA vs. beam to beam dist.

		L,mm		b2

		140		-3.163734

		143		-2.4

		150		-1.47

		160		-0.9714115

		170		-0.99

		180		-1.107

		190		-1.355

		200		-1.656849

		220		-2.82

		240		-4.594182
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L, mm

b2, 10^-4

Quadrupole vs. beam to beam distance (I=20kA)
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		0.4299348		0.4299324		0.4298961		0.4299247		0.4298872		0.4299283		0.4299263

		0.6141891		0.6141891		0.6141371		0.6141782		0.6141249		2.456682		2.45666

		1.228378		1.228378		1.228274		1.228356		1.228249		3.683772		3.683722

		2.456733		2.456733		2.456545		2.456685		2.456462		4.889251		4.88914

		3.684458		3.684458		3.68425		3.684372		3.683591		6.010611		6.01028

		4.899449		4.899449		4.899005		4.899308		4.888618		7.084471		7.083227
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