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Figure 1. On-axis field of pion capture magnet near target region, –0.6 < z < 0 meters. At z = -0.3 m the superconducting magnet generates about 14 teslas and the resistive insert, 6 T. The iron improves the entry of the mercury jet into the region by reducing the field inhomogeneity by a factor of two.
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Figure 2. Cryostat and coils of pion capture magnet to distance of z = 6 m downstream from target region. Shown: iron plug (of stepped, T cross section), hollow-conductor (H-C) insert magnet, tungsten shielding outside H-C insert, cryostat, and first five superconducting (SC) coils. The bores of the SC coils range from 1.27 to 1.55 m. The first SC coil generates 14 T; the field at the downstream end of the fifth coil is 3.3 T. Not shown: conical beam tube and shielding between it and cryostat. Further downstream are 19 additional SC coils, each ~0.5 m in length, to extend the field tail to 1.25 T at z = 18 m.
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Figure 3. Cross section of coil form and windings and of hollow-conductor insert magnet. The conductor is mineral-insulated conductor (MIC) of the sort developed for the Japan Hadron Facility. The thick-walled cylinders reinforce the conductor against the radial Lorentz hoop stresses engendered by the combination of high field (20 T) and large bore (0.36 m).
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Figure 4. End view of resistive insert magnet of the hollow-conductor magnet of Fig. 5. Every layer employs six hydraulic paths in parallel, to achieve the short hydraulic path length necessary for adequate water flow.
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Figure 5. Mineral-insulated hollow conductor developed for Japan Hadron Facility. The end-on view shows the white layer of powdered MgO insulation sandwiched between the copper hollow conductor and its sheath, also of copper. The conductor is 18 mm square with a 10 mm square cooling hole. The MgO is 1.8 mm thick, and the outer copper sheath, 1.1 mm, for an overall dimension of 23.8 mm. Of the cross section, 17 % is cooling passage, 37 percent conductor, 28 % insulation and 18% sheath. The side view shows a conductor termination, brazed of several parts that confine the MgO and hold the glossy white ceramic ring that keeps the sheath isolated from the current-carrying conductor.
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Figure 6. Superconducting magnet of same scale as pion capture magnet. The Central Solenoid Model Coil (CSMC) for ITER (International Thermonuclear Experimental Reactor) weighs 100 tons, generates 13 T in a 1.6 m bore, and stores 600 MJ.
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Figure 7. Concept of high-current cable-in-conduit conductor (CICC) needed by the intense-field coils of the pion capture magnet. Liquid helium in the central tube flows through the spiral gap in its wall to cool the strands of superconducting cable that parallel the central tube. The outer jacket, typically of stainless steel or Inconel, provides most of the mechanical strength.
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Figure 8. Cumulative axial force on components of pion capture magnet. Upper curve: The peak force is over 100 MN, or about 10,000 tons. The huge forces between the first five superconducting coils, with their high field and large size, dictate that they share a common cryostat. The forces on coils beyond z = 6 m are so much less as to allow individual cryostats for each coil or convenient group of coils. Lower curve: The force on the resistive insert magnet and iron is only 1.2 MN.
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Figure 9.  On-axis field of pion capture magnet from 3 to 18 m downstream from target region, with solenoids of of 0.42 m inner radius and 0.50 m length separated by axial gaps 0.14 m. The desired field (dashed line), to maximize the adiabatic retention of captured pions, declines from 19 T at z = 0 to 1.25 T at 18 m according to the equation 19 /[1 + 14.2 z / 18] T. The actual field (solid line) differs from the desired value by 5.3 % peak to peak (from – 2.5 % to +2.8%), with an rms deviation of 1.0%.
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Figisure 10.  On-axis and off-axis field ripple as function of axial gap between successive coils. The ripple is approximately proportional to the gap width between successive coils. Off-axis the ripple increases approximately as the square of the radial distance; at the beam pipe wall it is about four times worse than on axis.
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Hollow-Conductor & Upstream Eight Superconducting Solenoids of Pion Capture Magnet

	
	Units
	H-C 1
	H-C 2
	H-C 3
	SC 1
	SC 2
	SC 3
	SC 4
	SC 5
	SC 6
	SC 7
	SC 8

	Avg. current density
	A/mm3
	244
	191
	149
	234
	255
	297
	383
	484
	679
	705
	705

	Winding inner radius
	cm
	17.8
	23.2
	35.3
	63.6
	68.6
	77.6
	77.6
	77.6
	42.4
	42.2
	42.2

	Winding outer radius
	cm
	23.2
	35.3
	49.0
	127.8
	101.1
	98.8
	88.3
	84.1
	45.1
	45.9
	45.9

	Radial build of windings
	cm
	5.4
	12.2
	13.7
	64.2
	32.5
	21.2
	10.7
	6.56
	2.69
	3.69
	3.69

	Upstream end, z1
	cm
	-71.2
	-71.2
	-71.2
	-125.3
	62.8
	145.7
	255.6
	420.6
	600.8
	657.7
	720.7

	Downstream end, z2
	cm
	3.7
	16.5
	36.1
	52.8
	135.7
	245.6
	410.6
	606.5
	643.7
	707.3
	770.3

	Coil length, z2 – z1
	cm
	74.9
	87.7
	107.3
	178.1
	72.9
	99.9
	155.0
	185.9
	42.9
	49.6
	49.6

	Volume of windings
	m3
	.052
	.196
	.389
	6.88
	1.26
	1.17
	.866
	.619
	.032
	.051
	.051

	Approx. peak field
	T
	20.0
	18.6
	16.1
	14.0
	11.8
	8.74
	6.21
	4.33
	3.33
	3.03
	3.03

	Avg. hoop tension
	MPa
	118
	124
	115
	209
	206
	201
	184
	163
	96
	90
	90

	Conductor fraction
	%
	33.2
	32.9
	33.4
	7.8
	6.2
	5.3
	5.5
	6.2
	8.2
	8.3
	8.3

	Copper fraction
	%
	48.9
	48.3
	49.2
	10.4
	10.9
	12.1
	16.4
	21.8
	38.5
	39.9
	39.9

	Structural fraction
	%
	11.2
	12.1
	10.7
	31.8
	32.9
	32.6
	28
	22
	3.4
	1.8
	1.8

	Vol. of superconductor
	liters
	
	
	
	538
	79
	62
	48
	38
	3
	4
	4

	Copper mass
	tonnes
	.243
	.893
	1.77
	6.42
	1.24
	1.28
	1.27
	1.21
	.11
	.18
	.18

	Stainless steel mass
	tonnes
	.048
	.194
	.334
	17.1
	3.24
	2.98
	1.89
	1.06
	.01
	.01
	.01
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