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Abstract - The note reports the results of optimization of the quadrupole field component in the VLHC double aperture Nb3Sn dipole magnet with warm iron yoke.  The required reduction of the quadrupole was achieved with the help of small asymmetrical layout of current blocks in the coil.

I. INTRODUCTION

Conceptual design of the double bore Nb3Sn dipole magnet for VLHC with warm iron yoke is described in [1]. It was shown that high field magnets with warm iron yoke have some advantages compared to the magnet with cold yoke. Among them are a smaller cross-section size of the iron (and magnet as a whole), and a smaller iron saturation effect.  However, a relatively close distance between the two apertures and their large magnetic coupling result in a large negative quadrupole component that reaches (32(10-4. In principle, correction of this geometrical effect can be achieved by changing the shape of the field-forming elements such as the current blocks and the iron yoke. Since the warm yoke is small and remote from the coil by a considerably larger distance than the cold yoke, it has much less effect on the field multipoles.  Besides, introduction of additional iron pieces would increase magnet weight and multipole deviations due to the iron saturation effect. On the other hand, an introduction of the asymmetry into the coil block layout may affect its mechanical properties.  The analysis of both these options has been performed to clarify the above problems. The results obtained are reported in this note.     

II. CORRECTION  WITH  THE ADDITIONAL IRON  SHELL 

In order to estimate the capabilities of quadrupole correction by the iron elements, a simulation of the magnet with the additional intermediate iron shells placed inside the vacuum vessel has been performed. Figure 1 shows the OPERA 2D model, which includes two symmetrical 10-mm thick iron shells. The simulation was performed at low (injection) fields to eliminate the iron saturation effects. The field harmonics calculated for the different angular size of the shell are presented in Table 1.

[image: image1.wmf]
Figure 1: Magnet cross-section with the intermediate ferromagnetic shells

Table 1: Low order field harmonics for different angular size of the shell.  

Phi, 

degree
Field harmonics, 10-4


b2
b3
b4

0
-32.1
-5.08
-0.34

30
-11.31
-3.43
-0.25

45
-8.03
-3.82
-0.29

60
-7.93
-4.05
-0.29

As one can see from the Table 1, the 10 mm thick ferromagnetic shell with the angular length of 60 degrees reduces the quadrupole component from –32 to –8 units. Calculations show that increasing of the angular length of the shell over 60 degrees provides a negative effect on the quadrupole component since it increases the coil-to-coil mutual influence.   

III. CORRECTION  USING  THE COIL  ASYMMETRY 

In this case normal field harmonics were minimized using the ROXIE code [2] for several cases with different positions of the coil blocks. The iron yoke was simulated by the ferromagnetic cylinder with inner radius of 250 mm, and with constant magnetic permeability of 1000. A general goal of the optimization was to find coil cross-sections with acceptable field quality and minimal left-right asymmetry in the conductor positions.  Figures 2-5 show field quality for the optimized coil cross-sections with different left-right asymmetry. 

[image: image2.wmf]
Figure 2: Case #1: one inner-layer and one outer-layer pole blocks have left-right asymmetry.

[image: image3.wmf]
Figure 3: Case #2: two outer-layer pole blocks have left-right asymmetry.

[image: image4.wmf]
Figure 4: Case #3: one inner-layer and two outer-layer pole blocks have left-right asymmetry.

[image: image5.wmf]
Figure 5: Case #4: one inner-layer and two outer-layer pole blocks have left-right asymmetry.

Table 2 summarizes the field harmonics, the width of inner-layer pole and the thickness of midplane insulation for the above asymmetrical coil cross-sections. 

Table 2: Parameters of the optimized asymmetrical coil cross-sections.

Parameter
Coil cross-section


Case #1
Case #2
Case #3
Case #4

Field harmonics, 10-4
b2
0.00037
-0.00017
-0.00017
0.00014


b3
0.00007
0.00040
0.00013
0.00005


b4
-0.00046
0.00327
0.00004
0.00011


b5
-0.00006
0.00712
0.00764
0.00075


b6
-0.29693
-0.14081
-0.03147
-0.01220


b7
0.23350
0.05189
0.04606
-0.01085


b8
-0.06121
0.00164
0.02689
0.03139


b9
-0.14275
-0.17205
-0.16665
-0.12983


b10
0.01818
-0.00022
-0.00967
-0.01120


b11
0.12158
0.12334
0.12420
0.12889

Pole width, mm
15.17
14.92
15.05
14.82

Midplane insulation thickness, mm
2(0.125
2(0.125
2(0.125
1(0.125

As one can notice from Figures 2-5 and Table 2, the asymmetry of two blocks per coil quadrant (the first two cases) does not allow to eliminate b6 and b7 simultaneously with the lower order harmonics b2-b5. 

In order to reach that goal, one more power of freedom has been added to the design variables. Cross-sections corresponding to the cases 3 and 4, which have three asymmetrical blocks per coil quadrant, allow eliminating geometrical field harmonics up to b9. These cases also provide radial conductor positions, have minimal left-right asymmetry and acceptable inner-layer pole width for winding the cable without a risk of its damage.  The last two cases certainly meet the field quality requirements and could be considered for the further magnetic and mechanical analysis. 

IV. DOUBLE  APERTURE  MAGNET  WITH  THE ASYMMETRIC  COILS

The magnet with the asymmetric coil cross-section (case #4) was further analyzed using the OPERA 2D code. The iron yoke was simulated by solid cylinder with the inner radius of 250 mm and the outer radii of 290 and 295 mm, which were defined by the acceptable level of fringe fields and multipole variations in the operation cycle [1].  Figures 6 and 7 show the dependences of the quadrupole and sextupole field components versus the field in the magnet bore.
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Figure 6: Quadrupole field component vs. the bore field
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Figure 7: Sextupole field component vs. the bore field

As one can see from Figure 6, increasing the iron yoke OD by 5 mm from 290 to 295 mm allows reducing the quadrupole component at 11 T from –0.5 to –0.2 units.  This demonstrates a capability of the quadrupole component correction by optimizing the iron yoke thickness, should one need to restrict it within a smaller range. The sextupole component is small and practically does not depend on the level of magnetic field. 

The load line, transfer function, inductance, stored energy, and short sample limits were calculated for the magnet design with the iron yoke outer radius of 290 mm. The results are reported in Figures 8-11.   The data for the single and double bore magnet designs with cold iron yoke [3,4] are also presented for comparison.      
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Figure 8: Magnet load lines
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Figure 9: Magnet transfer functions vs. the bore field
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Figure 10: Inductance per one aperture vs. the bore field
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Figure 10: Stored energy per one aperture vs. the bore field
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Figure 11: Critical current density in the cable and magnet load lines vs. the bore field
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Figure 11: Maximum bore field vs. the critical current density in the cable @12 T

V. CONCLUSIONS

Two different methods of quadrupole compensation in the double aperture dipole magnet for VLHC with warm iron yoke were studied. It was found that for the symmetrical coils the intermediate ferromagnetic shells placed inside the vacuum vessel do not provide a full compensation of the quadrupole field component.  The correction effect could be increased by shifting the iron shells closer to the coils. Such a shift would require considerably thicker shells and, probably, an inter-coil ferromagnetic spacer in order to compensate for the iron saturation effect. In principle, this approach to the quadrupole compensation is possible but it seems to be quite impractical. From this one can conclude that the magnet with warm iron yoke has to accommodate coils with left-right asymmetry for quadrupole compensation. 

     Several asymmetric coil cross-sections were also studied. Two of them privide quite good field quality, and have the radial cable alignment, wide enough inner-layer poles and small left-right asymmetry of the current blocks that ensures an equal mechanical behavior of the left and right parts of the coil. Some major parameters were calculated for the magnet with asymmetrical coils. Most important of them are: 

· maximum field is 11.3 T for the cable with the critical current density @12T of 2000 A/mm2 

· inductance per one aperture is 1.08 mH/m at 11 T

· stored energy per one aperture is 295 kJ/m at 11 T

· transfer function is 0.47 T/kA at 11 T

The comparison with the cold yoke design shows that the only drawback of the magnet with warm iron yoke seems to be the reduction of maximum field by 6% with respect to the cold yoke case. That can be compensated by adding of 1-2 turns in the coil or by using the superconducting cable with higher critical current density. 
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Sheet1

		Single aperture, cold yoke

		I,kA		Jsc		Jw		B0_10mil		Bmax_10m		B0_5mil		Bmax_5mil

		17.044		1400		665.33		9.653		10		10.45		10.912

		18.261		1500		712.85		10.292		10.667		11.06		11.56

		19.479		1600		760.38		10.859		11.264		11.67		12.202

		20.696		1700		807.9		11.419		11.853		12.25		12.83

		21.914		1800		855.42		11.973		12.437		12.863		13.473

		23.131		1900		902.95		12.525		13.018		13.45		14.101

		24.349		2000		950.47		13.2		13.7

		30.44		2500				16		16.8

		36.52		3000				19		20

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000				1725				1568

		13		1173		823		987		1152		1316		1481		1645				1898				1727

		14		966		677		813		948		1084		1219		1355				2065				1883

		15		782		548		658		768		877		987		1097

		B(13T)		B0_10m		B0_5m

		1000		9.68		9.97

		1200		10.292		10.55

		1400		10.859		11.1

		1600		11.35		11.57

		1800		11.75		11.96

		2000		12.05		12.25

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000		2200		2400		2600		2800		3000		3400		4000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839		3121.8		3405.6		3689.4		3973.2		4257		4824.6		5676				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387		2624.6		2863.2		3101.8		3340.4		3579		4056.2		4772				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000		2200		2400		2600		2800		3000		3400		4000				1725				1568

		13		1173		823		987		1152		1316		1481		1645		1810.6		1975.2		2139.8		2304.4		2469		2798.2		3292				1898				1727

		14		966		677		813		948		1084		1219		1355		1489.4		1624.8		1760.2		1895.6		2031		2301.8		2708				2065				1883

		15		782		548		658		768		877		987		1097		1205.6		1315.2		1424.8		1534.4		1644		1863.2		2192				2270

		Double aperture, cold yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1314.2439401033		16		9.53		9.149

		1478.5244326162		18		10.588		10.159

		1642.8049251292		20		11.634		11.156

		1807.0854176421		22		12.669		12.14

		1971.365910155		24		13.696		13.113

		2135.6464026679		26		14.715		14.078

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.75		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.85		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05

		Double aperture, warm yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1478.5244326162		18		9.034		8.488

		1642.8049251292		20		10.037		9.431

		1889.2256638985		23		11.54		10.843

		1971.365910155		24		12.04		11.313

		2053.5061564115		25		12.541		11.782

		2135.6464026679		26		13.041		12.252

		2217.7866489244		27		13.54		12.721

		2294				14		13.16

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.7		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.83		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05





Multipoles

		

		Double aperture with warm iron yoke

		R1=250		R2=290

		B0, T		b1		b2		b3		b4		b5		b6		b7		b8		b9		b10		b11

		0.4716		10000.0000		-0.0046		0.0937		-0.0038		-0.0215		-0.0201		0.0112		0.0247		-0.1476		-0.0135		0.1360

		5.6590		10000.0000		-0.0049		0.0915		-0.0056		-0.0216		-0.0196		0.0105		0.0246		-0.1470		-0.0146		0.1376

		6.6021		10000.0000		-0.0087		0.0910		-0.0056		-0.0215		-0.0198		0.0106		0.0246		-0.1469		-0.0145		0.1377

		7.5452		10000.0000		-0.0173		0.0910		-0.0056		-0.0216		-0.0197		0.0105		0.0245		-0.1469		-0.0146		0.1376

		8.4881		10000.0000		-0.0485		0.0903		-0.0057		-0.0215		-0.0196		0.0105		0.0244		-0.1469		-0.0146		0.1376

		9.4304		10000.0000		-0.1620		0.0882		-0.0061		-0.0215		-0.0198		0.0106		0.0242		-0.1468		-0.0152		0.1376

		10.3717		10000.0000		-0.3533		0.0856		-0.0069		-0.0217		-0.0199		0.0113		0.0240		-0.1482		-0.0163		0.1392

		11.3122		10000.0000		-0.6073		0.0819		-0.0093		-0.0247		-0.0184		0.0101		0.0222		-0.1452		-0.0170		0.1372

		12.2514		10000.0000		-0.9374		0.0775		-0.0128		-0.0226		-0.0200		0.0115		0.0257		-0.1482		-0.0211		0.1384

		R1=250		R2=295

		0.4716363		10000		0.003899443		0.0571313		-0.0148793		-0.02835209		-0.01607354		0.002898549		0.02508269		-0.1471239		-0.008132693		0.1387704

		5.659635		10000		0.003626782		0.05813222		-0.01494672		-0.02903815		-0.01738652		0.003426346		0.02513246		-0.1477984		-0.008393402		0.1386873

		6.602903		10000		0.003055312		0.05829903		-0.01499875		-0.02919574		-0.01749355		0.003551641		0.02517752		-0.1475682		-0.008191827		0.1385992

		7.546158		10000		-0.0002207891		0.05812121		-0.01505952		-0.02909036		-0.01745835		0.003508058		0.02509022		-0.1476363		-0.008228391		0.1385994

		9.432466		10000		-0.02978645		0.05735733		-0.01506877		-0.02911813		-0.01738538		0.003584043		0.02516213		-0.1476734		-0.008349867		0.1387097

		10.37501		10000		-0.1109754		0.05487761		-0.01501421		-0.0283604		-0.0178712		0.003515363		0.02518163		-0.1484919		-0.008289066		0.1401547

		11.31684		10000		-0.2494413		0.05226647		-0.02030553		-0.03222554		-0.01233343		0.0101186		0.01983467		-0.1546484		-0.005871642		0.1430929

		12.25792		10000		-0.4453294		0.04933594		-0.0167371		-0.02920437		-0.01530806		0.004237991		0.02074582		-0.148405		-0.007868576		0.1386256
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		Double warm

		I, kA		B0, T		Tr. Fun		W/4, kJ/m		W/coil, kJ/m		L/coil, mH/m

		1		0.4716025		0.4716025		0.2695		0.539		1.078

		4		1.88641		0.4716025		4.315		8.63		1.07875

		6		2.829615		0.4716025		9.695		19.39		1.0772222222

		8		3.77282		0.4716025		17.255		34.51		1.0784375

		10		4.716025		0.4716025		27		54		1.08

		12		5.659228		0.4716023333		38.82		77.64		1.0783333333

		14		6.602416		0.4716011429		52.78		105.56		1.0771428571

		16		7.545563		0.4715976875		69		138		1.078125

		18		8.488538		0.4715854444		87.25		174.5		1.0771604938

		20		9.430803		0.47154015		107.8		215.6		1.078

		23		10.84258		0.4714165217		142.45		284.9		1.0771266541

		25		11.782		0.47128		168.22		336.44		1.076608

		27		12.721		0.4711481481		196.2		392.4		1.0765432099

		30		14.11		0.4703333333		241.42		482.84		1.0729777778

		Double cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.377		0.754		1.508

		4		2.45639		0.6140975		6.03		12.06		1.5075

		6		3.68345		0.6139083333		13.57		27.14		1.5077777778

		8		4.887896		0.610987		23.97		47.94		1.498125

		12		7.08065		0.5900541667		52.45		104.9		1.4569444444

		16		9.149681		0.5718550625		89.5		179		1.3984375

		20		11.15714		0.557857		133.7		267.4		1.337

		22		12.14		0.5518181818		158.21		316.42		1.3075206612

		24		13.113		0.546375		185.4		370.8		1.2875

		26		14.078		0.5414615385		215		430		1.2721893491

		Single cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.1858		0.7432		1.4864

		4		2.45639		0.6140975		2.974		11.896		1.487

		6		3.68345		0.6139083333		6.69		26.76		1.4866666667

		8		4.887896		0.610987		11.83		47.32		1.47875

		12		7.071201		0.58926675		25.85		103.4		1.4361111111

		16		9.089052		0.56806575		44.1		176.4		1.378125

		20		10.99911		0.5499555		65.7		262.8		1.314

		21.914		11.9		0.5430318518		77.2		308.8		1.2860681198

		23.131		12.465		0.5388872076		84.9		339.6		1.2694302993

		26		13.8		0.5307692308		105.2		420.8		1.2449704142
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Sheet1

		Single aperture, cold yoke

		I,kA		Jsc		Jw		B0_10mil		Bmax_10m		B0_5mil		Bmax_5mil

		17.044		1400		665.33		9.653		10		10.45		10.912

		18.261		1500		712.85		10.292		10.667		11.06		11.56

		19.479		1600		760.38		10.859		11.264		11.67		12.202

		20.696		1700		807.9		11.419		11.853		12.25		12.83

		21.914		1800		855.42		11.973		12.437		12.863		13.473

		23.131		1900		902.95		12.525		13.018		13.45		14.101

		24.349		2000		950.47		13.2		13.7

		30.44		2500				16		16.8

		36.52		3000				19		20

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000				1725				1568

		13		1173		823		987		1152		1316		1481		1645				1898				1727

		14		966		677		813		948		1084		1219		1355				2065				1883

		15		782		548		658		768		877		987		1097

		B(13T)		B0_10m		B0_5m

		1000		9.68		9.97

		1200		10.292		10.55

		1400		10.859		11.1

		1600		11.35		11.57

		1800		11.75		11.96

		2000		12.05		12.25

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000		2200		2400		2600		2800		3000		3400		4000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839		3121.8		3405.6		3689.4		3973.2		4257		4824.6		5676				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387		2624.6		2863.2		3101.8		3340.4		3579		4056.2		4772				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000		2200		2400		2600		2800		3000		3400		4000				1725				1568

		13		1173		823		987		1152		1316		1481		1645		1810.6		1975.2		2139.8		2304.4		2469		2798.2		3292				1898				1727

		14		966		677		813		948		1084		1219		1355		1489.4		1624.8		1760.2		1895.6		2031		2301.8		2708				2065				1883

		15		782		548		658		768		877		987		1097		1205.6		1315.2		1424.8		1534.4		1644		1863.2		2192				2270

		Double aperture, cold yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1314.2439401033		16		9.53		9.149

		1478.5244326162		18		10.588		10.159

		1642.8049251292		20		11.634		11.156

		1807.0854176421		22		12.669		12.14

		1971.365910155		24		13.696		13.113

		2135.6464026679		26		14.715		14.078

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.75		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.85		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05

		Double aperture, warm yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1478.5244326162		18		9.034		8.488

		1642.8049251292		20		10.037		9.431

		1889.2256638985		23		11.54		10.843

		1971.365910155		24		12.04		11.313

		2053.5061564115		25		12.541		11.782

		2135.6464026679		26		13.041		12.252

		2217.7866489244		27		13.54		12.721

		2294				14		13.16

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.7		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.83		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05





Multipoles

		

		Double aperture with warm iron yoke

		R1=250		R2=290

		B0, T		b1		b2		b3		b4		b5		b6		b7		b8		b9		b10		b11

		0.4716		10000.0000		-0.0046		0.0937		-0.0038		-0.0215		-0.0201		0.0112		0.0247		-0.1476		-0.0135		0.1360

		5.6590		10000.0000		-0.0049		0.0915		-0.0056		-0.0216		-0.0196		0.0105		0.0246		-0.1470		-0.0146		0.1376

		6.6021		10000.0000		-0.0087		0.0910		-0.0056		-0.0215		-0.0198		0.0106		0.0246		-0.1469		-0.0145		0.1377

		7.5452		10000.0000		-0.0173		0.0910		-0.0056		-0.0216		-0.0197		0.0105		0.0245		-0.1469		-0.0146		0.1376

		8.4881		10000.0000		-0.0485		0.0903		-0.0057		-0.0215		-0.0196		0.0105		0.0244		-0.1469		-0.0146		0.1376

		9.4304		10000.0000		-0.1620		0.0882		-0.0061		-0.0215		-0.0198		0.0106		0.0242		-0.1468		-0.0152		0.1376

		10.3717		10000.0000		-0.3533		0.0856		-0.0069		-0.0217		-0.0199		0.0113		0.0240		-0.1482		-0.0163		0.1392

		11.3122		10000.0000		-0.6073		0.0819		-0.0093		-0.0247		-0.0184		0.0101		0.0222		-0.1452		-0.0170		0.1372

		12.2514		10000.0000		-0.9374		0.0775		-0.0128		-0.0226		-0.0200		0.0115		0.0257		-0.1482		-0.0211		0.1384

		R1=250		R2=295

		0.4716363		10000		0.003899443		0.0571313		-0.0148793		-0.02835209		-0.01607354		0.002898549		0.02508269		-0.1471239		-0.008132693		0.1387704

		5.659635		10000		0.003626782		0.05813222		-0.01494672		-0.02903815		-0.01738652		0.003426346		0.02513246		-0.1477984		-0.008393402		0.1386873

		6.602903		10000		0.003055312		0.05829903		-0.01499875		-0.02919574		-0.01749355		0.003551641		0.02517752		-0.1475682		-0.008191827		0.1385992

		7.546158		10000		-0.0002207891		0.05812121		-0.01505952		-0.02909036		-0.01745835		0.003508058		0.02509022		-0.1476363		-0.008228391		0.1385994

		9.432466		10000		-0.02978645		0.05735733		-0.01506877		-0.02911813		-0.01738538		0.003584043		0.02516213		-0.1476734		-0.008349867		0.1387097

		10.37501		10000		-0.1109754		0.05487761		-0.01501421		-0.0283604		-0.0178712		0.003515363		0.02518163		-0.1484919		-0.008289066		0.1401547

		11.31684		10000		-0.2494413		0.05226647		-0.02030553		-0.03222554		-0.01233343		0.0101186		0.01983467		-0.1546484		-0.005871642		0.1430929

		12.25792		10000		-0.4453294		0.04933594		-0.0167371		-0.02920437		-0.01530806		0.004237991		0.02074582		-0.148405		-0.007868576		0.1386256
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		Double warm

		I, kA		B0, T		Tr. Fun		W/4, kJ/m		W/coil, kJ/m		L/coil, mH/m

		1		0.4716025		0.4716025		0.2695		0.539		1.078

		4		1.88641		0.4716025		4.315		8.63		1.07875

		6		2.829615		0.4716025		9.695		19.39		1.0772222222

		8		3.77282		0.4716025		17.255		34.51		1.0784375

		10		4.716025		0.4716025		27		54		1.08

		12		5.659228		0.4716023333		38.82		77.64		1.0783333333

		14		6.602416		0.4716011429		52.78		105.56		1.0771428571

		16		7.545563		0.4715976875		69		138		1.078125

		18		8.488538		0.4715854444		87.25		174.5		1.0771604938

		20		9.430803		0.47154015		107.8		215.6		1.078

		23		10.84258		0.4714165217		142.45		284.9		1.0771266541

		25		11.782		0.47128		168.22		336.44		1.076608

		27		12.721		0.4711481481		196.2		392.4		1.0765432099

		30		14.11		0.4703333333		241.42		482.84		1.0729777778

		Double cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.377		0.754		1.508

		4		2.45639		0.6140975		6.03		12.06		1.5075

		6		3.68345		0.6139083333		13.57		27.14		1.5077777778

		8		4.887896		0.610987		23.97		47.94		1.498125

		12		7.08065		0.5900541667		52.45		104.9		1.4569444444

		16		9.149681		0.5718550625		89.5		179		1.3984375

		20		11.15714		0.557857		133.7		267.4		1.337

		22		12.14		0.5518181818		158.21		316.42		1.3075206612

		24		13.113		0.546375		185.4		370.8		1.2875

		26		14.078		0.5414615385		215		430		1.2721893491

		Single cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.1858		0.7432		1.4864

		4		2.45639		0.6140975		2.974		11.896		1.487

		6		3.68345		0.6139083333		6.69		26.76		1.4866666667

		8		4.887896		0.610987		11.83		47.32		1.47875

		12		7.071201		0.58926675		25.85		103.4		1.4361111111

		16		9.089052		0.56806575		44.1		176.4		1.378125

		20		10.99911		0.5499555		65.7		262.8		1.314

		21.914		11.9		0.5430318518		77.2		308.8		1.2860681198

		23.131		12.465		0.5388872076		84.9		339.6		1.2694302993

		26		13.8		0.5307692308		105.2		420.8		1.2449704142
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Sheet1

		Single aperture, cold yoke

		I,kA		Jsc		Jw		B0_10mil		Bmax_10m		B0_5mil		Bmax_5mil

		17.044		1400		665.33		9.653		10		10.45		10.912

		18.261		1500		712.85		10.292		10.667		11.06		11.56

		19.479		1600		760.38		10.859		11.264		11.67		12.202

		20.696		1700		807.9		11.419		11.853		12.25		12.83

		21.914		1800		855.42		11.973		12.437		12.863		13.473

		23.131		1900		902.95		12.525		13.018		13.45		14.101

		24.349		2000		950.47		13.2		13.7

		30.44		2500				16		16.8

		36.52		3000				19		20

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000				1725				1568

		13		1173		823		987		1152		1316		1481		1645				1898				1727

		14		966		677		813		948		1084		1219		1355				2065				1883

		15		782		548		658		768		877		987		1097

		B(13T)		B0_10m		B0_5m

		1000		9.68		9.97

		1200		10.292		10.55

		1400		10.859		11.1

		1600		11.35		11.57

		1800		11.75		11.96

		2000		12.05		12.25

		2200		12.33

		2400		12.65

		2600		12.93

		2800		13.2

		3000		13.43

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000		2200		2400		2600		2800		3000		3400		4000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839		3121.8		3405.6		3689.4		3973.2		4257		4824.6		5676				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387		2624.6		2863.2		3101.8		3340.4		3579		4056.2		4772				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000		2200		2400		2600		2800		3000		3400		4000				1725				1568

		13		1173		823		987		1152		1316		1481		1645		1810.6		1975.2		2139.8		2304.4		2469		2798.2		3292				1898				1727

		14		966		677		813		948		1084		1219		1355		1489.4		1624.8		1760.2		1895.6		2031		2301.8		2708				2065				1883

		15		782		548		658		768		877		987		1097		1205.6		1315.2		1424.8		1534.4		1644		1863.2		2192				2270

		Double aperture, cold yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1314.2439401033		16		9.53		9.149

		1478.5244326162		18		10.588		10.159

		1642.8049251292		20		11.634		11.156

		1807.0854176421		22		12.669		12.14

		1971.365910155		24		13.696		13.113

		2135.6464026679		26		14.715		14.078

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.75		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.85		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05

		Double aperture, warm yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1478.5244326162		18		9.034		8.488

		1642.8049251292		20		10.037		9.431

		1889.2256638985		23		11.54		10.843

		1971.365910155		24		12.04		11.313

		2053.5061564115		25		12.541		11.782

		2135.6464026679		26		13.041		12.252

		2217.7866489244		27		13.54		12.721

		2294				14		13.16

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.7		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.83		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.71		11.96		10.97				11.7

		2000		12.05		12.25		11.34				12.05

		2200		12.35				11.67

		2400		12.65				11.99

		2600		12.93				12.26

		2800		13.17				12.52

		3000		13.41				12.76





Multipoles

		

		Double aperture with warm iron yoke

		R1=250		R2=290

		B0, T		b1		b2		b3		b4		b5		b6		b7		b8		b9		b10		b11

		0.4716		10000.0000		-0.0046		0.0937		-0.0038		-0.0215		-0.0201		0.0112		0.0247		-0.1476		-0.0135		0.1360

		5.6590		10000.0000		-0.0049		0.0915		-0.0056		-0.0216		-0.0196		0.0105		0.0246		-0.1470		-0.0146		0.1376

		6.6021		10000.0000		-0.0087		0.0910		-0.0056		-0.0215		-0.0198		0.0106		0.0246		-0.1469		-0.0145		0.1377

		7.5452		10000.0000		-0.0173		0.0910		-0.0056		-0.0216		-0.0197		0.0105		0.0245		-0.1469		-0.0146		0.1376

		8.4881		10000.0000		-0.0485		0.0903		-0.0057		-0.0215		-0.0196		0.0105		0.0244		-0.1469		-0.0146		0.1376

		9.4304		10000.0000		-0.1620		0.0882		-0.0061		-0.0215		-0.0198		0.0106		0.0242		-0.1468		-0.0152		0.1376

		10.3717		10000.0000		-0.3533		0.0856		-0.0069		-0.0217		-0.0199		0.0113		0.0240		-0.1482		-0.0163		0.1392

		11.3122		10000.0000		-0.6073		0.0819		-0.0093		-0.0247		-0.0184		0.0101		0.0222		-0.1452		-0.0170		0.1372

		12.2514		10000.0000		-0.9374		0.0775		-0.0128		-0.0226		-0.0200		0.0115		0.0257		-0.1482		-0.0211		0.1384

		R1=250		R2=295

		0.4716363		10000		0.003899443		0.0571313		-0.0148793		-0.02835209		-0.01607354		0.002898549		0.02508269		-0.1471239		-0.008132693		0.1387704

		5.659635		10000		0.003626782		0.05813222		-0.01494672		-0.02903815		-0.01738652		0.003426346		0.02513246		-0.1477984		-0.008393402		0.1386873

		6.602903		10000		0.003055312		0.05829903		-0.01499875		-0.02919574		-0.01749355		0.003551641		0.02517752		-0.1475682		-0.008191827		0.1385992

		7.546158		10000		-0.0002207891		0.05812121		-0.01505952		-0.02909036		-0.01745835		0.003508058		0.02509022		-0.1476363		-0.008228391		0.1385994

		9.432466		10000		-0.02978645		0.05735733		-0.01506877		-0.02911813		-0.01738538		0.003584043		0.02516213		-0.1476734		-0.008349867		0.1387097

		10.37501		10000		-0.1109754		0.05487761		-0.01501421		-0.0283604		-0.0178712		0.003515363		0.02518163		-0.1484919		-0.008289066		0.1401547

		11.31684		10000		-0.2494413		0.05226647		-0.02030553		-0.03222554		-0.01233343		0.0101186		0.01983467		-0.1546484		-0.005871642		0.1430929

		12.25792		10000		-0.4453294		0.04933594		-0.0167371		-0.02920437		-0.01530806		0.004237991		0.02074582		-0.148405		-0.007868576		0.1386256
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		Double warm

		I, kA		B0, T		Tr. Fun		W/4, kJ/m		W/coil, kJ/m		L/coil, mH/m

		1		0.4716025		0.4716025		0.2695		0.539		1.078

		4		1.88641		0.4716025		4.315		8.63		1.07875

		6		2.829615		0.4716025		9.695		19.39		1.0772222222

		8		3.77282		0.4716025		17.255		34.51		1.0784375

		10		4.716025		0.4716025		27		54		1.08

		12		5.659228		0.4716023333		38.82		77.64		1.0783333333

		14		6.602416		0.4716011429		52.78		105.56		1.0771428571

		16		7.545563		0.4715976875		69		138		1.078125

		18		8.488538		0.4715854444		87.25		174.5		1.0771604938

		20		9.430803		0.47154015		107.8		215.6		1.078

		23		10.84258		0.4714165217		142.45		284.9		1.0771266541

		25		11.782		0.47128		168.22		336.44		1.076608

		27		12.721		0.4711481481		196.2		392.4		1.0765432099

		30		14.11		0.4703333333		241.42		482.84		1.0729777778

		Double cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.377		0.754		1.508

		4		2.45639		0.6140975		6.03		12.06		1.5075

		6		3.68345		0.6139083333		13.57		27.14		1.5077777778

		8		4.887896		0.610987		23.97		47.94		1.498125

		12		7.08065		0.5900541667		52.45		104.9		1.4569444444

		16		9.149681		0.5718550625		89.5		179		1.3984375

		20		11.15714		0.557857		133.7		267.4		1.337

		22		12.14		0.5518181818		158.21		316.42		1.3075206612

		24		13.113		0.546375		185.4		370.8		1.2875

		26		14.078		0.5414615385		215		430		1.2721893491

		Single cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.1858		0.7432		1.4864

		4		2.45639		0.6140975		2.974		11.896		1.487

		6		3.68345		0.6139083333		6.69		26.76		1.4866666667

		8		4.887896		0.610987		11.83		47.32		1.47875

		12		7.071201		0.58926675		25.85		103.4		1.4361111111

		16		9.089052		0.56806575		44.1		176.4		1.378125

		20		10.99911		0.5499555		65.7		262.8		1.314

		21.914		11.9		0.5430318518		77.2		308.8		1.2860681198

		23.131		12.465		0.5388872076		84.9		339.6		1.2694302993

		26		13.8		0.5307692308		105.2		420.8		1.2449704142
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Sheet1

		Single aperture, cold yoke

		I,kA		Jsc		Jw		B0_10mil		Bmax_10m		B0_5mil		Bmax_5mil

		17.044		1400		665.33		9.653		10		10.45		10.912

		18.261		1500		712.85		10.292		10.667		11.06		11.56

		19.479		1600		760.38		10.859		11.264		11.67		12.202

		20.696		1700		807.9		11.419		11.853		12.25		12.83

		21.914		1800		855.42		11.973		12.437		12.863		13.473

		23.131		1900		902.95		12.525		13.018		13.45		14.101

		24.349		2000		950.47		13.2		13.7

		30.44		2500				16		16.8

		36.52		3000				19		20

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000				1725				1568

		13		1173		823		987		1152		1316		1481		1645				1898				1727

		14		966		677		813		948		1084		1219		1355				2065				1883

		15		782		548		658		768		877		987		1097

		B(13T)		B0_10m		B0_5m

		1000		9.68		9.97

		1200		10.292		10.55

		1400		10.859		11.1

		1600		11.35		11.57

		1800		11.75		11.96

		2000		12.05		12.25

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000		2200		2400		2600		2800		3000		3400		4000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839		3121.8		3405.6		3689.4		3973.2		4257		4824.6		5676				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387		2624.6		2863.2		3101.8		3340.4		3579		4056.2		4772				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000		2200		2400		2600		2800		3000		3400		4000				1725				1568

		13		1173		823		987		1152		1316		1481		1645		1810.6		1975.2		2139.8		2304.4		2469		2798.2		3292				1898				1727

		14		966		677		813		948		1084		1219		1355		1489.4		1624.8		1760.2		1895.6		2031		2301.8		2708				2065				1883

		15		782		548		658		768		877		987		1097		1205.6		1315.2		1424.8		1534.4		1644		1863.2		2192				2270

		Double aperture, cold yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1314.2439401033		16		9.53		9.149

		1478.5244326162		18		10.588		10.159

		1642.8049251292		20		11.634		11.156

		1807.0854176421		22		12.669		12.14

		1971.365910155		24		13.696		13.113

		2135.6464026679		26		14.715		14.078

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.75		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.85		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05

		Double aperture, warm yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1478.5244326162		18		9.034		8.488

		1642.8049251292		20		10.037		9.431

		1889.2256638985		23		11.54		10.843

		1971.365910155		24		12.04		11.313

		2053.5061564115		25		12.541		11.782

		2135.6464026679		26		13.041		12.252

		2217.7866489244		27		13.54		12.721

		2294				14		13.16

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.7		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.83		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05





Multipoles

		

		Double aperture with warm iron yoke

		R1=250		R2=290

		B0, T		b1		b2		b3		b4		b5		b6		b7		b8		b9		b10		b11

		0.4716		10000.0000		-0.0046		0.0937		-0.0038		-0.0215		-0.0201		0.0112		0.0247		-0.1476		-0.0135		0.1360

		5.6590		10000.0000		-0.0049		0.0915		-0.0056		-0.0216		-0.0196		0.0105		0.0246		-0.1470		-0.0146		0.1376

		6.6021		10000.0000		-0.0087		0.0910		-0.0056		-0.0215		-0.0198		0.0106		0.0246		-0.1469		-0.0145		0.1377

		7.5452		10000.0000		-0.0173		0.0910		-0.0056		-0.0216		-0.0197		0.0105		0.0245		-0.1469		-0.0146		0.1376

		8.4881		10000.0000		-0.0485		0.0903		-0.0057		-0.0215		-0.0196		0.0105		0.0244		-0.1469		-0.0146		0.1376

		9.4304		10000.0000		-0.1620		0.0882		-0.0061		-0.0215		-0.0198		0.0106		0.0242		-0.1468		-0.0152		0.1376

		10.3717		10000.0000		-0.3533		0.0856		-0.0069		-0.0217		-0.0199		0.0113		0.0240		-0.1482		-0.0163		0.1392

		11.3122		10000.0000		-0.6073		0.0819		-0.0093		-0.0247		-0.0184		0.0101		0.0222		-0.1452		-0.0170		0.1372

		12.2514		10000.0000		-0.9374		0.0775		-0.0128		-0.0226		-0.0200		0.0115		0.0257		-0.1482		-0.0211		0.1384

		R1=250		R2=295

		0.4716363		10000		0.003899443		0.0571313		-0.0148793		-0.02835209		-0.01607354		0.002898549		0.02508269		-0.1471239		-0.008132693		0.1387704

		5.659635		10000		0.003626782		0.05813222		-0.01494672		-0.02903815		-0.01738652		0.003426346		0.02513246		-0.1477984		-0.008393402		0.1386873

		6.602903		10000		0.003055312		0.05829903		-0.01499875		-0.02919574		-0.01749355		0.003551641		0.02517752		-0.1475682		-0.008191827		0.1385992

		7.546158		10000		-0.0002207891		0.05812121		-0.01505952		-0.02909036		-0.01745835		0.003508058		0.02509022		-0.1476363		-0.008228391		0.1385994

		9.432466		10000		-0.02978645		0.05735733		-0.01506877		-0.02911813		-0.01738538		0.003584043		0.02516213		-0.1476734		-0.008349867		0.1387097

		10.37501		10000		-0.1109754		0.05487761		-0.01501421		-0.0283604		-0.0178712		0.003515363		0.02518163		-0.1484919		-0.008289066		0.1401547

		11.31684		10000		-0.2494413		0.05226647		-0.02030553		-0.03222554		-0.01233343		0.0101186		0.01983467		-0.1546484		-0.005871642		0.1430929

		12.25792		10000		-0.4453294		0.04933594		-0.0167371		-0.02920437		-0.01530806		0.004237991		0.02074582		-0.148405		-0.007868576		0.1386256
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		Double warm

		I, kA		B0, T		Tr. Fun		W/4, kJ/m		W/coil, kJ/m		L/coil, mH/m

		1		0.4716025		0.4716025		0.2695		0.539		1.078

		4		1.88641		0.4716025		4.315		8.63		1.07875

		6		2.829615		0.4716025		9.695		19.39		1.0772222222

		8		3.77282		0.4716025		17.255		34.51		1.0784375

		10		4.716025		0.4716025		27		54		1.08

		12		5.659228		0.4716023333		38.82		77.64		1.0783333333

		14		6.602416		0.4716011429		52.78		105.56		1.0771428571

		16		7.545563		0.4715976875		69		138		1.078125

		18		8.488538		0.4715854444		87.25		174.5		1.0771604938

		20		9.430803		0.47154015		107.8		215.6		1.078

		23		10.84258		0.4714165217		142.45		284.9		1.0771266541

		25		11.782		0.47128		168.22		336.44		1.076608

		27		12.721		0.4711481481		196.2		392.4		1.0765432099

		30		14.11		0.4703333333		241.42		482.84		1.0729777778

		Double cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.377		0.754		1.508

		4		2.45639		0.6140975		6.03		12.06		1.5075

		6		3.68345		0.6139083333		13.57		27.14		1.5077777778

		8		4.887896		0.610987		23.97		47.94		1.498125

		12		7.08065		0.5900541667		52.45		104.9		1.4569444444

		16		9.149681		0.5718550625		89.5		179		1.3984375

		20		11.15714		0.557857		133.7		267.4		1.337

		22		12.14		0.5518181818		158.21		316.42		1.3075206612

		24		13.113		0.546375		185.4		370.8		1.2875

		26		14.078		0.5414615385		215		430		1.2721893491

		Single cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.1858		0.7432		1.4864

		4		2.45639		0.6140975		2.974		11.896		1.487

		6		3.68345		0.6139083333		6.69		26.76		1.4866666667

		8		4.887896		0.610987		11.83		47.32		1.47875

		12		7.071201		0.58926675		25.85		103.4		1.4361111111

		16		9.089052		0.56806575		44.1		176.4		1.378125

		20		10.99911		0.5499555		65.7		262.8		1.314

		21.914		11.9		0.5430318518		77.2		308.8		1.2860681198

		23.131		12.465		0.5388872076		84.9		339.6		1.2694302993

		26		13.8		0.5307692308		105.2		420.8		1.2449704142
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Sheet1

		Single aperture, cold yoke

		I,kA		Jsc		Jw		B0_10mil		Bmax_10m		B0_5mil		Bmax_5mil

		17.044		1400		665.33		9.653		10		10.45		10.912

		18.261		1500		712.85		10.292		10.667		11.06		11.56

		19.479		1600		760.38		10.859		11.264		11.67		12.202

		20.696		1700		807.9		11.419		11.853		12.25		12.83

		21.914		1800		855.42		11.973		12.437		12.863		13.473

		23.131		1900		902.95		12.525		13.018		13.45		14.101

		24.349		2000		950.47		13.2		13.7

		30.44		2500				16		16.8

		36.52		3000				19		20

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000				1725				1568

		13		1173		823		987		1152		1316		1481		1645				1898				1727

		14		966		677		813		948		1084		1219		1355				2065				1883

		15		782		548		658		768		877		987		1097

		B(13T)		B0_10m		B0_5m

		1000		9.68		9.97

		1200		10.292		10.55

		1400		10.859		11.1

		1600		11.35		11.57

		1800		11.75		11.96

		2000		12.05		12.25

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000		2200		2400		2600		2800		3000		3400		4000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839		3121.8		3405.6		3689.4		3973.2		4257		4824.6		5676				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387		2624.6		2863.2		3101.8		3340.4		3579		4056.2		4772				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000		2200		2400		2600		2800		3000		3400		4000				1725				1568

		13		1173		823		987		1152		1316		1481		1645		1810.6		1975.2		2139.8		2304.4		2469		2798.2		3292				1898				1727

		14		966		677		813		948		1084		1219		1355		1489.4		1624.8		1760.2		1895.6		2031		2301.8		2708				2065				1883

		15		782		548		658		768		877		987		1097		1205.6		1315.2		1424.8		1534.4		1644		1863.2		2192				2270

		Double aperture, cold yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1314.2439401033		16		9.53		9.149

		1478.5244326162		18		10.588		10.159

		1642.8049251292		20		11.634		11.156

		1807.0854176421		22		12.669		12.14

		1971.365910155		24		13.696		13.113

		2135.6464026679		26		14.715		14.078

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.75		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.85		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05

		Double aperture, warm yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1478.5244326162		18		9.034		8.488

		1642.8049251292		20		10.037		9.431

		1889.2256638985		23		11.54		10.843

		1971.365910155		24		12.04		11.313

		2053.5061564115		25		12.541		11.782

		2135.6464026679		26		13.041		12.252

		2217.7866489244		27		13.54		12.721

		2294				14		13.16

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.7		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.83		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05





Multipoles

		

		Double aperture with warm iron yoke

		R1=250		R2=290

		B0, T		b1		b2		b3		b4		b5		b6		b7		b8		b9		b10		b11

		0.4716		10000.0000		-0.0046		0.0937		-0.0038		-0.0215		-0.0201		0.0112		0.0247		-0.1476		-0.0135		0.1360

		5.6590		10000.0000		-0.0049		0.0915		-0.0056		-0.0216		-0.0196		0.0105		0.0246		-0.1470		-0.0146		0.1376

		6.6021		10000.0000		-0.0087		0.0910		-0.0056		-0.0215		-0.0198		0.0106		0.0246		-0.1469		-0.0145		0.1377

		7.5452		10000.0000		-0.0173		0.0910		-0.0056		-0.0216		-0.0197		0.0105		0.0245		-0.1469		-0.0146		0.1376

		8.4881		10000.0000		-0.0485		0.0903		-0.0057		-0.0215		-0.0196		0.0105		0.0244		-0.1469		-0.0146		0.1376

		9.4304		10000.0000		-0.1620		0.0882		-0.0061		-0.0215		-0.0198		0.0106		0.0242		-0.1468		-0.0152		0.1376

		10.3717		10000.0000		-0.3533		0.0856		-0.0069		-0.0217		-0.0199		0.0113		0.0240		-0.1482		-0.0163		0.1392

		11.3122		10000.0000		-0.6073		0.0819		-0.0093		-0.0247		-0.0184		0.0101		0.0222		-0.1452		-0.0170		0.1372

		12.2514		10000.0000		-0.9374		0.0775		-0.0128		-0.0226		-0.0200		0.0115		0.0257		-0.1482		-0.0211		0.1384

		R1=250		R2=295

		0.4716363		10000		0.003899443		0.0571313		-0.0148793		-0.02835209		-0.01607354		0.002898549		0.02508269		-0.1471239		-0.008132693		0.1387704

		5.659635		10000		0.003626782		0.05813222		-0.01494672		-0.02903815		-0.01738652		0.003426346		0.02513246		-0.1477984		-0.008393402		0.1386873

		6.602903		10000		0.003055312		0.05829903		-0.01499875		-0.02919574		-0.01749355		0.003551641		0.02517752		-0.1475682		-0.008191827		0.1385992

		7.546158		10000		-0.0002207891		0.05812121		-0.01505952		-0.02909036		-0.01745835		0.003508058		0.02509022		-0.1476363		-0.008228391		0.1385994

		9.432466		10000		-0.02978645		0.05735733		-0.01506877		-0.02911813		-0.01738538		0.003584043		0.02516213		-0.1476734		-0.008349867		0.1387097

		10.37501		10000		-0.1109754		0.05487761		-0.01501421		-0.0283604		-0.0178712		0.003515363		0.02518163		-0.1484919		-0.008289066		0.1401547

		11.31684		10000		-0.2494413		0.05226647		-0.02030553		-0.03222554		-0.01233343		0.0101186		0.01983467		-0.1546484		-0.005871642		0.1430929

		12.25792		10000		-0.4453294		0.04933594		-0.0167371		-0.02920437		-0.01530806		0.004237991		0.02074582		-0.148405		-0.007868576		0.1386256
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		Double warm

		I, kA		B0, T		Tr. Fun		W/4, kJ/m		W/coil, kJ/m		L/coil, mH/m

		1		0.4716025		0.4716025		0.2695		0.539		1.078

		4		1.88641		0.4716025		4.315		8.63		1.07875

		6		2.829615		0.4716025		9.695		19.39		1.0772222222

		8		3.77282		0.4716025		17.255		34.51		1.0784375

		10		4.716025		0.4716025		27		54		1.08

		12		5.659228		0.4716023333		38.82		77.64		1.0783333333

		14		6.602416		0.4716011429		52.78		105.56		1.0771428571

		16		7.545563		0.4715976875		69		138		1.078125

		18		8.488538		0.4715854444		87.25		174.5		1.0771604938

		20		9.430803		0.47154015		107.8		215.6		1.078

		23		10.84258		0.4714165217		142.45		284.9		1.0771266541

		25		11.782		0.47128		168.22		336.44		1.076608

		27		12.721		0.4711481481		196.2		392.4		1.0765432099

		30		14.11		0.4703333333		241.42		482.84		1.0729777778

		Double cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.377		0.754		1.508

		4		2.45639		0.6140975		6.03		12.06		1.5075

		6		3.68345		0.6139083333		13.57		27.14		1.5077777778

		8		4.887896		0.610987		23.97		47.94		1.498125

		12		7.08065		0.5900541667		52.45		104.9		1.4569444444

		16		9.149681		0.5718550625		89.5		179		1.3984375

		20		11.15714		0.557857		133.7		267.4		1.337

		22		12.14		0.5518181818		158.21		316.42		1.3075206612

		24		13.113		0.546375		185.4		370.8		1.2875

		26		14.078		0.5414615385		215		430		1.2721893491

		Single cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.1858		0.7432		1.4864

		4		2.45639		0.6140975		2.974		11.896		1.487

		6		3.68345		0.6139083333		6.69		26.76		1.4866666667

		8		4.887896		0.610987		11.83		47.32		1.47875

		12		7.071201		0.58926675		25.85		103.4		1.4361111111

		16		9.089052		0.56806575		44.1		176.4		1.378125

		20		10.99911		0.5499555		65.7		262.8		1.314

		21.914		11.9		0.5430318518		77.2		308.8		1.2860681198

		23.131		12.465		0.5388872076		84.9		339.6		1.2694302993

		26		13.8		0.5307692308		105.2		420.8		1.2449704142
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Sheet1

		Single aperture, cold yoke

		I,kA		Jsc		Jw		B0_10mil		Bmax_10m		B0_5mil		Bmax_5mil

		17.044		1400		665.33		9.653		10		10.45		10.912

		18.261		1500		712.85		10.292		10.667		11.06		11.56

		19.479		1600		760.38		10.859		11.264		11.67		12.202

		20.696		1700		807.9		11.419		11.853		12.25		12.83

		21.914		1800		855.42		11.973		12.437		12.863		13.473

		23.131		1900		902.95		12.525		13.018		13.45		14.101

		24.349		2000		950.47		13.2		13.7

		30.44		2500				16		16.8

		36.52		3000				19		20

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000				1725				1568

		13		1173		823		987		1152		1316		1481		1645				1898				1727

		14		966		677		813		948		1084		1219		1355				2065				1883

		15		782		548		658		768		877		987		1097

		B(13T)		B0_10m		B0_5m

		1000		9.68		9.97

		1200		10.292		10.55

		1400		10.859		11.1

		1600		11.35		11.57

		1800		11.75		11.96

		2000		12.05		12.25

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000		2200		2400		2600		2800		3000		3400		4000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839		3121.8		3405.6		3689.4		3973.2		4257		4824.6		5676				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387		2624.6		2863.2		3101.8		3340.4		3579		4056.2		4772				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000		2200		2400		2600		2800		3000		3400		4000				1725				1568

		13		1173		823		987		1152		1316		1481		1645		1810.6		1975.2		2139.8		2304.4		2469		2798.2		3292				1898				1727

		14		966		677		813		948		1084		1219		1355		1489.4		1624.8		1760.2		1895.6		2031		2301.8		2708				2065				1883

		15		782		548		658		768		877		987		1097		1205.6		1315.2		1424.8		1534.4		1644		1863.2		2192				2270

		Double aperture, cold yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1314.2439401033		16		9.53		9.149

		1478.5244326162		18		10.588		10.159

		1642.8049251292		20		11.634		11.156

		1807.0854176421		22		12.669		12.14

		1971.365910155		24		13.696		13.113

		2135.6464026679		26		14.715		14.078

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.75		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.85		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05

		Double aperture, warm yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1478.5244326162		18		9.034		8.488

		1642.8049251292		20		10.037		9.431

		1889.2256638985		23		11.54		10.843

		1971.365910155		24		12.04		11.313

		2053.5061564115		25		12.541		11.782

		2135.6464026679		26		13.041		12.252

		2217.7866489244		27		13.54		12.721

		2294				14		13.16

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.7		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.83		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05





Multipoles

		

		Double aperture with warm iron yoke

		R1=250		R2=290

		B0, T		b1		b2		b3		b4		b5		b6		b7		b8		b9		b10		b11

		0.4716		10000.0000		-0.0046		0.0937		-0.0038		-0.0215		-0.0201		0.0112		0.0247		-0.1476		-0.0135		0.1360

		5.6590		10000.0000		-0.0049		0.0915		-0.0056		-0.0216		-0.0196		0.0105		0.0246		-0.1470		-0.0146		0.1376

		6.6021		10000.0000		-0.0087		0.0910		-0.0056		-0.0215		-0.0198		0.0106		0.0246		-0.1469		-0.0145		0.1377

		7.5452		10000.0000		-0.0173		0.0910		-0.0056		-0.0216		-0.0197		0.0105		0.0245		-0.1469		-0.0146		0.1376

		8.4881		10000.0000		-0.0485		0.0903		-0.0057		-0.0215		-0.0196		0.0105		0.0244		-0.1469		-0.0146		0.1376

		9.4304		10000.0000		-0.1620		0.0882		-0.0061		-0.0215		-0.0198		0.0106		0.0242		-0.1468		-0.0152		0.1376

		10.3717		10000.0000		-0.3533		0.0856		-0.0069		-0.0217		-0.0199		0.0113		0.0240		-0.1482		-0.0163		0.1392

		11.3122		10000.0000		-0.6073		0.0819		-0.0093		-0.0247		-0.0184		0.0101		0.0222		-0.1452		-0.0170		0.1372

		12.2514		10000.0000		-0.9374		0.0775		-0.0128		-0.0226		-0.0200		0.0115		0.0257		-0.1482		-0.0211		0.1384

		R1=250		R2=295

		0.4716363		10000		0.003899443		0.0571313		-0.0148793		-0.02835209		-0.01607354		0.002898549		0.02508269		-0.1471239		-0.008132693		0.1387704

		5.659635		10000		0.003626782		0.05813222		-0.01494672		-0.02903815		-0.01738652		0.003426346		0.02513246		-0.1477984		-0.008393402		0.1386873

		6.602903		10000		0.003055312		0.05829903		-0.01499875		-0.02919574		-0.01749355		0.003551641		0.02517752		-0.1475682		-0.008191827		0.1385992

		7.546158		10000		-0.0002207891		0.05812121		-0.01505952		-0.02909036		-0.01745835		0.003508058		0.02509022		-0.1476363		-0.008228391		0.1385994

		9.432466		10000		-0.02978645		0.05735733		-0.01506877		-0.02911813		-0.01738538		0.003584043		0.02516213		-0.1476734		-0.008349867		0.1387097

		10.37501		10000		-0.1109754		0.05487761		-0.01501421		-0.0283604		-0.0178712		0.003515363		0.02518163		-0.1484919		-0.008289066		0.1401547

		11.31684		10000		-0.2494413		0.05226647		-0.02030553		-0.03222554		-0.01233343		0.0101186		0.01983467		-0.1546484		-0.005871642		0.1430929

		12.25792		10000		-0.4453294		0.04933594		-0.0167371		-0.02920437		-0.01530806		0.004237991		0.02074582		-0.148405		-0.007868576		0.1386256
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		Double warm

		I, kA		B0, T		Tr. Fun		W/4, kJ/m		W/coil, kJ/m		L/coil, mH/m

		1		0.4716025		0.4716025		0.2695		0.539		1.078

		4		1.88641		0.4716025		4.315		8.63		1.07875

		6		2.829615		0.4716025		9.695		19.39		1.0772222222

		8		3.77282		0.4716025		17.255		34.51		1.0784375

		10		4.716025		0.4716025		27		54		1.08

		12		5.659228		0.4716023333		38.82		77.64		1.0783333333

		14		6.602416		0.4716011429		52.78		105.56		1.0771428571

		16		7.545563		0.4715976875		69		138		1.078125

		18		8.488538		0.4715854444		87.25		174.5		1.0771604938

		20		9.430803		0.47154015		107.8		215.6		1.078

		23		10.84258		0.4714165217		142.45		284.9		1.0771266541

		25		11.782		0.47128		168.22		336.44		1.076608

		27		12.721		0.4711481481		196.2		392.4		1.0765432099

		30		14.11		0.4703333333		241.42		482.84		1.0729777778

		Double cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.377		0.754		1.508

		4		2.45639		0.6140975		6.03		12.06		1.5075

		6		3.68345		0.6139083333		13.57		27.14		1.5077777778

		8		4.887896		0.610987		23.97		47.94		1.498125

		12		7.08065		0.5900541667		52.45		104.9		1.4569444444

		16		9.149681		0.5718550625		89.5		179		1.3984375

		20		11.15714		0.557857		133.7		267.4		1.337

		22		12.14		0.5518181818		158.21		316.42		1.3075206612

		24		13.113		0.546375		185.4		370.8		1.2875

		26		14.078		0.5414615385		215		430		1.2721893491

		Single cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.1858		0.7432		1.4864

		4		2.45639		0.6140975		2.974		11.896		1.487

		6		3.68345		0.6139083333		6.69		26.76		1.4866666667

		8		4.887896		0.610987		11.83		47.32		1.47875

		12		7.071201		0.58926675		25.85		103.4		1.4361111111

		16		9.089052		0.56806575		44.1		176.4		1.378125

		20		10.99911		0.5499555		65.7		262.8		1.314

		21.914		11.9		0.5430318518		77.2		308.8		1.2860681198

		23.131		12.465		0.5388872076		84.9		339.6		1.2694302993

		26		13.8		0.5307692308		105.2		420.8		1.2449704142
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Sheet1

		Single aperture, cold yoke

		I,kA		Jsc		Jw		B0_10mil		Bmax_10m		B0_5mil		Bmax_5mil

		17.044		1400		665.33		9.653		10		10.45		10.912

		18.261		1500		712.85		10.292		10.667		11.06		11.56

		19.479		1600		760.38		10.859		11.264		11.67		12.202

		20.696		1700		807.9		11.419		11.853		12.25		12.83

		21.914		1800		855.42		11.973		12.437		12.863		13.473

		23.131		1900		902.95		12.525		13.018		13.45		14.101

		24.349		2000		950.47		13.2		13.7

		30.44		2500				16		16.8

		36.52		3000				19		20

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000				1725				1568

		13		1173		823		987		1152		1316		1481		1645				1898				1727

		14		966		677		813		948		1084		1219		1355				2065				1883

		15		782		548		658		768		877		987		1097

		B(13T)		B0_10m		B0_5m

		1000		9.68		9.97

		1200		10.292		10.55

		1400		10.859		11.1

		1600		11.35		11.57

		1800		11.75		11.96

		2000		12.05		12.25

		2200		12.33

		2400		12.65

		2600		12.93

		2800		13.2

		3000		13.43

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000		2200		2400		2600		2800		3000		3400		4000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839		3121.8		3405.6		3689.4		3973.2		4257		4824.6		5676				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387		2624.6		2863.2		3101.8		3340.4		3579		4056.2		4772				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000		2200		2400		2600		2800		3000		3400		4000				1725				1568

		13		1173		823		987		1152		1316		1481		1645		1810.6		1975.2		2139.8		2304.4		2469		2798.2		3292				1898				1727

		14		966		677		813		948		1084		1219		1355		1489.4		1624.8		1760.2		1895.6		2031		2301.8		2708				2065				1883

		15		782		548		658		768		877		987		1097		1205.6		1315.2		1424.8		1534.4		1644		1863.2		2192				2270

		Double aperture, cold yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1314.2439401033		16		9.53		9.149

		1478.5244326162		18		10.588		10.159

		1642.8049251292		20		11.634		11.156

		1807.0854176421		22		12.669		12.14

		1971.365910155		24		13.696		13.113

		2135.6464026679		26		14.715		14.078

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.75		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.85		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05

		Double aperture, warm yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1478.5244326162		18		9.034		8.488

		1642.8049251292		20		10.037		9.431

		1889.2256638985		23		11.54		10.843

		1971.365910155		24		12.04		11.313

		2053.5061564115		25		12.541		11.782

		2135.6464026679		26		13.041		12.252

		2217.7866489244		27		13.54		12.721

		2294				14		13.16

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.7		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.83		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.71		11.96		10.97				11.7

		2000		12.05		12.25		11.34				12.05

		2200		12.35				11.67

		2400		12.65				11.99

		2600		12.93				12.26

		2800		13.17				12.52

		3000		13.41				12.76





Multipoles

		

		Double aperture with warm iron yoke

		R1=250		R2=290

		B0, T		b1		b2		b3		b4		b5		b6		b7		b8		b9		b10		b11

		0.4716		10000.0000		-0.0046		0.0937		-0.0038		-0.0215		-0.0201		0.0112		0.0247		-0.1476		-0.0135		0.1360

		5.6590		10000.0000		-0.0049		0.0915		-0.0056		-0.0216		-0.0196		0.0105		0.0246		-0.1470		-0.0146		0.1376

		6.6021		10000.0000		-0.0087		0.0910		-0.0056		-0.0215		-0.0198		0.0106		0.0246		-0.1469		-0.0145		0.1377

		7.5452		10000.0000		-0.0173		0.0910		-0.0056		-0.0216		-0.0197		0.0105		0.0245		-0.1469		-0.0146		0.1376

		8.4881		10000.0000		-0.0485		0.0903		-0.0057		-0.0215		-0.0196		0.0105		0.0244		-0.1469		-0.0146		0.1376

		9.4304		10000.0000		-0.1620		0.0882		-0.0061		-0.0215		-0.0198		0.0106		0.0242		-0.1468		-0.0152		0.1376

		10.3717		10000.0000		-0.3533		0.0856		-0.0069		-0.0217		-0.0199		0.0113		0.0240		-0.1482		-0.0163		0.1392

		11.3122		10000.0000		-0.6073		0.0819		-0.0093		-0.0247		-0.0184		0.0101		0.0222		-0.1452		-0.0170		0.1372

		12.2514		10000.0000		-0.9374		0.0775		-0.0128		-0.0226		-0.0200		0.0115		0.0257		-0.1482		-0.0211		0.1384

		R1=250		R2=295

		0.4716363		10000		0.003899443		0.0571313		-0.0148793		-0.02835209		-0.01607354		0.002898549		0.02508269		-0.1471239		-0.008132693		0.1387704

		5.659635		10000		0.003626782		0.05813222		-0.01494672		-0.02903815		-0.01738652		0.003426346		0.02513246		-0.1477984		-0.008393402		0.1386873

		6.602903		10000		0.003055312		0.05829903		-0.01499875		-0.02919574		-0.01749355		0.003551641		0.02517752		-0.1475682		-0.008191827		0.1385992

		7.546158		10000		-0.0002207891		0.05812121		-0.01505952		-0.02909036		-0.01745835		0.003508058		0.02509022		-0.1476363		-0.008228391		0.1385994

		9.432466		10000		-0.02978645		0.05735733		-0.01506877		-0.02911813		-0.01738538		0.003584043		0.02516213		-0.1476734		-0.008349867		0.1387097

		10.37501		10000		-0.1109754		0.05487761		-0.01501421		-0.0283604		-0.0178712		0.003515363		0.02518163		-0.1484919		-0.008289066		0.1401547

		11.31684		10000		-0.2494413		0.05226647		-0.02030553		-0.03222554		-0.01233343		0.0101186		0.01983467		-0.1546484		-0.005871642		0.1430929

		12.25792		10000		-0.4453294		0.04933594		-0.0167371		-0.02920437		-0.01530806		0.004237991		0.02074582		-0.148405		-0.007868576		0.1386256
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		Double warm

		I, kA		B0, T		Tr. Fun		W/4, kJ/m		W/coil, kJ/m		L/coil, mH/m

		1		0.4716025		0.4716025		0.2695		0.539		1.078

		4		1.88641		0.4716025		4.315		8.63		1.07875

		6		2.829615		0.4716025		9.695		19.39		1.0772222222

		8		3.77282		0.4716025		17.255		34.51		1.0784375

		10		4.716025		0.4716025		27		54		1.08

		12		5.659228		0.4716023333		38.82		77.64		1.0783333333

		14		6.602416		0.4716011429		52.78		105.56		1.0771428571

		16		7.545563		0.4715976875		69		138		1.078125

		18		8.488538		0.4715854444		87.25		174.5		1.0771604938

		20		9.430803		0.47154015		107.8		215.6		1.078

		23		10.84258		0.4714165217		142.45		284.9		1.0771266541

		25		11.782		0.47128		168.22		336.44		1.076608

		27		12.721		0.4711481481		196.2		392.4		1.0765432099

		30		14.11		0.4703333333		241.42		482.84		1.0729777778

		Double cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.377		0.754		1.508

		4		2.45639		0.6140975		6.03		12.06		1.5075

		6		3.68345		0.6139083333		13.57		27.14		1.5077777778

		8		4.887896		0.610987		23.97		47.94		1.498125

		12		7.08065		0.5900541667		52.45		104.9		1.4569444444

		16		9.149681		0.5718550625		89.5		179		1.3984375

		20		11.15714		0.557857		133.7		267.4		1.337

		22		12.14		0.5518181818		158.21		316.42		1.3075206612

		24		13.113		0.546375		185.4		370.8		1.2875

		26		14.078		0.5414615385		215		430		1.2721893491

		Single cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.1858		0.7432		1.4864

		4		2.45639		0.6140975		2.974		11.896		1.487

		6		3.68345		0.6139083333		6.69		26.76		1.4866666667

		8		4.887896		0.610987		11.83		47.32		1.47875

		12		7.071201		0.58926675		25.85		103.4		1.4361111111

		16		9.089052		0.56806575		44.1		176.4		1.378125

		20		10.99911		0.5499555		65.7		262.8		1.314

		21.914		11.9		0.5430318518		77.2		308.8		1.2860681198

		23.131		12.465		0.5388872076		84.9		339.6		1.2694302993

		26		13.8		0.5307692308		105.2		420.8		1.2449704142
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Sheet1

		Single aperture, cold yoke

		I,kA		Jsc		Jw		B0_10mil		Bmax_10m		B0_5mil		Bmax_5mil

		17.044		1400		665.33		9.653		10		10.45		10.912

		18.261		1500		712.85		10.292		10.667		11.06		11.56

		19.479		1600		760.38		10.859		11.264		11.67		12.202

		20.696		1700		807.9		11.419		11.853		12.25		12.83

		21.914		1800		855.42		11.973		12.437		12.863		13.473

		23.131		1900		902.95		12.525		13.018		13.45		14.101

		24.349		2000		950.47		13.2		13.7

		30.44		2500				16		16.8

		36.52		3000				19		20

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000				1725				1568

		13		1173		823		987		1152		1316		1481		1645				1898				1727

		14		966		677		813		948		1084		1219		1355				2065				1883

		15		782		548		658		768		877		987		1097

		B(13T)		B0_10m		B0_5m

		1000		9.68		9.97

		1200		10.292		10.55

		1400		10.859		11.1

		1600		11.35		11.57

		1800		11.75		11.96

		2000		12.05		12.25

		2200		12.33

		2400		12.65

		2600		12.93

		2800		13.2

		3000		13.43

		B, T		Jc_1426		Jc_1000		Jc_1200		Jc_1400		Jc_1600		Jc_1800		Jc_2000		2200		2400		2600		2800		3000		3400		4000				Jmax_10mil				Jmax_5mil

		10		2024		1419		1703		1987		2271		2555		2839		3121.8		3405.6		3689.4		3973.2		4257		4824.6		5676				1390				1260

		11		1702		1193		1432		1671		1910		2148		2387		2624.6		2863.2		3101.8		3340.4		3579		4056.2		4772				1555				1413

		12		1426		1000		1200		1400		1600		1800		2000		2200		2400		2600		2800		3000		3400		4000				1725				1568

		13		1173		823		987		1152		1316		1481		1645		1810.6		1975.2		2139.8		2304.4		2469		2798.2		3292				1898				1727

		14		966		677		813		948		1084		1219		1355		1489.4		1624.8		1760.2		1895.6		2031		2301.8		2708				2065				1883

		15		782		548		658		768		877		987		1097		1205.6		1315.2		1424.8		1534.4		1644		1863.2		2192				2270

		Double aperture, cold yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1314.2439401033		16		9.53		9.149

		1478.5244326162		18		10.588		10.159

		1642.8049251292		20		11.634		11.156

		1807.0854176421		22		12.669		12.14

		1971.365910155		24		13.696		13.113

		2135.6464026679		26		14.715		14.078

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.75		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.85		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.69		11.96		10.96				11.7

		2000		12.05		12.25		11.32				12.05

		Double aperture, warm yoke																Scable=25.6176mm^2						Cu/Sc=0.85				Kp=0.879		Ssc=12.1743 mm^2

		J, A/mm^2		I, kA		Bpeak, T		B0, T

		1478.5244326162		18		9.034		8.488

		1642.8049251292		20		10.037		9.431

		1889.2256638985		23		11.54		10.843

		1971.365910155		24		12.04		11.313

		2053.5061564115		25		12.541		11.782

		2135.6464026679		26		13.041		12.252

		2217.7866489244		27		13.54		12.721

		2294				14		13.16

				Single cold				Double warm				Double cold

		Jc(12T)		B0_10m		B0_5m		B0_10m				B0_10m

		1000		9.7		9.97		8.85				9.65

		1200		10.292		10.55		9.5				10.3

		1400		10.83		11.1		10.07				10.84

		1600		11.3		11.57		10.55				11.3

		1800		11.71		11.96		10.97				11.7

		2000		12.05		12.25		11.34				12.05

		2200		12.35				11.67

		2400		12.65				11.99

		2600		12.93				12.26

		2800		13.17				12.52

		3000		13.41				12.76





Multipoles

		

		Double aperture with warm iron yoke

		R1=250		R2=290

		B0, T		b1		b2		b3		b4		b5		b6		b7		b8		b9		b10		b11

		0.4716		10000.0000		-0.0046		0.0937		-0.0038		-0.0215		-0.0201		0.0112		0.0247		-0.1476		-0.0135		0.1360

		5.6590		10000.0000		-0.0049		0.0915		-0.0056		-0.0216		-0.0196		0.0105		0.0246		-0.1470		-0.0146		0.1376

		6.6021		10000.0000		-0.0087		0.0910		-0.0056		-0.0215		-0.0198		0.0106		0.0246		-0.1469		-0.0145		0.1377

		7.5452		10000.0000		-0.0173		0.0910		-0.0056		-0.0216		-0.0197		0.0105		0.0245		-0.1469		-0.0146		0.1376

		8.4881		10000.0000		-0.0485		0.0903		-0.0057		-0.0215		-0.0196		0.0105		0.0244		-0.1469		-0.0146		0.1376

		9.4304		10000.0000		-0.1620		0.0882		-0.0061		-0.0215		-0.0198		0.0106		0.0242		-0.1468		-0.0152		0.1376

		10.3717		10000.0000		-0.3533		0.0856		-0.0069		-0.0217		-0.0199		0.0113		0.0240		-0.1482		-0.0163		0.1392

		11.3122		10000.0000		-0.6073		0.0819		-0.0093		-0.0247		-0.0184		0.0101		0.0222		-0.1452		-0.0170		0.1372

		12.2514		10000.0000		-0.9374		0.0775		-0.0128		-0.0226		-0.0200		0.0115		0.0257		-0.1482		-0.0211		0.1384

		R1=250		R2=295

		0.4716363		10000		0.003899443		0.0571313		-0.0148793		-0.02835209		-0.01607354		0.002898549		0.02508269		-0.1471239		-0.008132693		0.1387704

		5.659635		10000		0.003626782		0.05813222		-0.01494672		-0.02903815		-0.01738652		0.003426346		0.02513246		-0.1477984		-0.008393402		0.1386873

		6.602903		10000		0.003055312		0.05829903		-0.01499875		-0.02919574		-0.01749355		0.003551641		0.02517752		-0.1475682		-0.008191827		0.1385992

		7.546158		10000		-0.0002207891		0.05812121		-0.01505952		-0.02909036		-0.01745835		0.003508058		0.02509022		-0.1476363		-0.008228391		0.1385994

		9.432466		10000		-0.02978645		0.05735733		-0.01506877		-0.02911813		-0.01738538		0.003584043		0.02516213		-0.1476734		-0.008349867		0.1387097

		10.37501		10000		-0.1109754		0.05487761		-0.01501421		-0.0283604		-0.0178712		0.003515363		0.02518163		-0.1484919		-0.008289066		0.1401547

		11.31684		10000		-0.2494413		0.05226647		-0.02030553		-0.03222554		-0.01233343		0.0101186		0.01983467		-0.1546484		-0.005871642		0.1430929

		12.25792		10000		-0.4453294		0.04933594		-0.0167371		-0.02920437		-0.01530806		0.004237991		0.02074582		-0.148405		-0.007868576		0.1386256
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		Double warm

		I, kA		B0, T		Tr. Fun		W/4, kJ/m		W/coil, kJ/m		L/coil, mH/m

		1		0.4716025		0.4716025		0.2695		0.539		1.078

		4		1.88641		0.4716025		4.315		8.63		1.07875

		6		2.829615		0.4716025		9.695		19.39		1.0772222222

		8		3.77282		0.4716025		17.255		34.51		1.0784375

		10		4.716025		0.4716025		27		54		1.08

		12		5.659228		0.4716023333		38.82		77.64		1.0783333333

		14		6.602416		0.4716011429		52.78		105.56		1.0771428571

		16		7.545563		0.4715976875		69		138		1.078125

		18		8.488538		0.4715854444		87.25		174.5		1.0771604938

		20		9.430803		0.47154015		107.8		215.6		1.078

		23		10.84258		0.4714165217		142.45		284.9		1.0771266541

		25		11.782		0.47128		168.22		336.44		1.076608

		27		12.721		0.4711481481		196.2		392.4		1.0765432099

		30		14.11		0.4703333333		241.42		482.84		1.0729777778

		Double cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.377		0.754		1.508

		4		2.45639		0.6140975		6.03		12.06		1.5075

		6		3.68345		0.6139083333		13.57		27.14		1.5077777778

		8		4.887896		0.610987		23.97		47.94		1.498125

		12		7.08065		0.5900541667		52.45		104.9		1.4569444444

		16		9.149681		0.5718550625		89.5		179		1.3984375

		20		11.15714		0.557857		133.7		267.4		1.337

		22		12.14		0.5518181818		158.21		316.42		1.3075206612

		24		13.113		0.546375		185.4		370.8		1.2875

		26		14.078		0.5414615385		215		430		1.2721893491

		Single cold

		I, kA		B0, T		Tr. Fun

		1		0.6141106		0.6141106		0.1858		0.7432		1.4864

		4		2.45639		0.6140975		2.974		11.896		1.487

		6		3.68345		0.6139083333		6.69		26.76		1.4866666667

		8		4.887896		0.610987		11.83		47.32		1.47875

		12		7.071201		0.58926675		25.85		103.4		1.4361111111

		16		9.089052		0.56806575		44.1		176.4		1.378125

		20		10.99911		0.5499555		65.7		262.8		1.314

		21.914		11.9		0.5430318518		77.2		308.8		1.2860681198

		23.131		12.465		0.5388872076		84.9		339.6		1.2694302993

		26		13.8		0.5307692308		105.2		420.8		1.2449704142
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		10		9.53		9.034

		10.667		10.588		10.037

		11.264		11.634		11.54

		11.853		12.669		12.04

		12.437		13.696		12.541

		13.018		14.715		13.041

		13.7				13.54

		16.8				14



Single cold

Double cold

Double warm

Bpeak, T

B0, T

Bore field vs. peak field in the cable

9.653

9.149

8.488

10.292

10.159

9.431

10.859

11.156

10.843

11.419

12.14

11.313

11.973

13.113

11.782

12.525

14.078

12.252

13.2

12.721

16

13.16



		10		10		10		10		10		10		10		10		10		10		10		10		9.53		9.034

		11		11		11		11		11		11		11		11		11		11		11		11		10.588		10.037

		12		12		12		12		12		12		12		12		12		12		12		12		11.634		11.54

		13		13		13		13		13		13		13		13		13		13		13		13		12.669		12.04

		14		14		14		14		14		14		14		14		14		14		14		14		13.696		12.541

		15		15		15		15		15		15		15		15		15		15		15		15		14.715		13.041

																												13.54

																												14
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2200 A/mm^2

2400 A/mm^2

2600 A/mm^2

2800 A/mm^2

3000 A/mm^2

Single cold

Double cold

Double warm

Bpeak, T

Jc, A/mm^2

Cable critical currents and magnet load lines

1419

1703

1987

2271

2555

2839

3121.8

3405.6

3689.4

3973.2

4257

1390

1314.2439401033

1478.5244326162

1193

1432

1671
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2624.6
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3101.8
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1971.365910155

677
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		1000		1000

		1200		1200

		1400		1400

		1600		1600

		1800		1800

		2000		2000

		2200		2200

		2400		2400

		2600		2600

		2800		2800

		3000		3000



Single and double cold

Double warm

Jc (@12T)

B0, T

Bore quench field vs. Jc(@12T)

9.7

8.85

10.292

9.5

10.83

10.07

11.3

10.55

11.71

10.97

12.05

11.34

12.35

11.67

12.65

11.99

12.93

12.26

13.17

12.52

13.41

12.76




