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Abstract

A superconducting transport solenoid for J-PARC muon facility was newly designed and manufactured. High Energy
Accelerator Research Organization (KEK) has been operating the J-PARC Muon Science Establishment (MUSE) since
2008. Among its four muon beam lines, the decay muon line (D-Line) has been extracting and providing positive and
negative muon beam with a momentum range from several to 120 MeV/c (fast/decay muon) as well as high intensity 30
MeV/c positive muon beam (slow/surface muon) for a variety of science programs, utilizing a superconducting transport
solenoid. The D-Line as well as the other J-PARC facility suffered severe damages from the earth-quake on March 11,
2011. It necessitated rebuilding of the damaged superconducting solenoid. New design parameter of the solenoid is as
follows: length of solenoid: 6 m, diameter of warm bore: 0.2 m, magnetic field of bore center: 3.5 T, rated current: 415
A, superconducting wire: NbTi/Cu, quench protection: quench back heaters. The six-meter-long solenoid consists of
twelve pieces of 0.5-meter-long superconducting coils. The entire solenoid is forced-indirectly cooled by supercritical
helium flow. This report describes the design and manufacturing process of the newly built superconducting transport
solenoid for D-Line at J-PARC muon science facility.
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Figure 1: Schematic Diagram of Solenoid Design and
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Figure 2: Schematic diagram of the superconducting solenoid cooling system.
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Table 2: Parameters of the Superconducting Solenoid
Superconducting wire

Type Monolithic,
NbTi/Cu

Cu/NDbTi ratio 4.8

Dimensions(insulated) $1.56 mm
Magnet

Nurr}ber of Turns / Coil 3377

(design)

Rated current 415.7A

Magnetomotive force /

Coil(design) 14 MA

Central magnetic field 35T

Peak field at conductor 356 T

Total stored magnetic 20 MJ
energy

High-field inductance 255 H
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Table 3: Summary of Design Heat Loads

Heat Load to Heat Load
Source Shield to 4K

System [W] System [W]
Current Leads 432 0.5
Thermal Radiation 42.1 4.1
Magnet Supports 25.5 0.6
Instrumentation Wires 10.5 2.1
Transfer Tubes 4.3 3.1
Total 125.6 10.4
Refrigeration Power 200 35
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Figure 3: Completion of the superconducting solenoid.
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Figure 4: Magnetic field measurement of the downstream
region at R.T. in comparison with calculation.

-
"

6. fEA
W HARKRERICIOER S E L TV /A
ROF % B E!’JJ:LT\ 7712 J-PARC =4 Blp 6

fiz¥ D-Line M mEpL /L /A REsLGT BELT,
BUESE T 12 123206 L 7= /N R i C O RE I E Ok e

R EHEE B W —8Z R L, W E cllEan -2k
75>/Té2mio

SE X

[1] K. Nagamine et al., “Superconducting Solenoid and its
Cooling System for Pulsed Muon Channel” IEEE Trans.
Mag., vol. MAG-17, No.5, p.1882, Sept. 1981.

[2] K. Nagamine, “Large Superconducting Solenoid and its
Cooling System for Muon Channel” Teion Kou-gaku, vol. 20,
no.4, p.187, 1985 (In Japanese).

[3] K. Shimomura et al., “Muon Beam Line at J-PARC MUSE -
Reuse of a 30-year-old Superconducting Magnet- ” Teion
Kougaku, vol. 45, no.4, p.174, 2010 (In Japanese).

[4] H. Teshima et al., “Recent Progress in Compact, Ro-bust and
Superior Field-tolerant QMG Current Leads using RE-Ba-
Cu- Bulk Superconductors” IEEE Trans. Appl. Supercond.,
vol. 26, no.3, 4800204, April, 2016.

- 1232 -



