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MLF 2nd Target Station
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4-3-2. 増強案概要 

4-3-2-0.  TS2 の基本概念 

 図 4.21 に、TS2 の基本概念を⽰す。中性⼦源とミュオン源を共通化し、コンパクトで、

⼤強度化を⽬指す。また、⻑寿命化、⻑波⻑側の活⽤、⾼輝度化がキーとなる 

 

 

図 4.21：TS2 基本概念 

 

4-3-2-1.  TS2 における中性⼦源 

⼤強度陽⼦加速器における中性⼦源としては、現段階では⽔銀標的、鉛ビスマス標的、タ

ングステン回転標的を候補として挙げており、それぞれの検討を継続していくが、⾼寿命

化、⾼強度化が期待できるタングステン回転標的を主案に置く。RCS で、1.5 MW 相当の運

転を⾏い、TS1 へは 25*2/3 Hz（1 MW）、TS2 へは 25/3 Hz（500 kW）を送ることを考えてい

る。ただし、この実現には、TS1 における⽔銀標的のピッティング問題の克服が必須である。

克服できない場合は、TS1、TS2 とも、1 パルスのうち 2 バンチを分岐して、それぞれ 25 

Hz(750 kW)を⾏う選択肢しかない。 

 

4-3-2-2. 中性⼦⽣成効率 

中性⼦⽣成効率の観点からはタングステンは密度も⾼く他の⼆⽅式よりも優れている。

陽⼦ビーム形状、標的形状、標的と減速材の位置関係、減速材の最適化など進めることによ
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Cooling method of radiation resistant coils

(under construction)

➢ Proton beam: 8 GeV, 56 kW

➢ Magnetic field: 5 T

➢ Radiation resistance: 2~3 MGy

➢ Proton beam: 3 GeV, 1 MW

➢ Magnetic field: 1 T

➢ Radiation resistance: 130 MGy?

Cooling Pipe

(2-phase He)

Pure Al Strip

BT+Epoxy

Resin

BT-GFRP 

Resin
Al-stabilized 

SC cable

[Al-stabilized Superconductor]

・Thickness ：4.70±0.05 mm

・Width：15.0±0.05 mm

・RRR：>400



J-PARC TS2-PCS

➢ ID=1600 mm, T=21 mm, L=10 mm, 70 turns/layer
➢Number of double pancake coils: 60 (20 x3)
➢Conductor : REBCO, W=4 mm, T=0.1 mm
➢ Insulation: Mineral, t=0.1 mm
➢Operation Temperature: 20 K (He gas cooling with pipe)

➢Transport current: 200 A (Load line ratio: 0.48)

➢Peak Field: 1.11 T at center, 
2.25 T (B//c) at coil (200 A)

Current density: 

128 A/mm2

Load line ratio: 

48%
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R&D towards radiation-hard HTS magnets

- REBCO tapes, Ceramic coating samples, 

BT-GFRP 

- REBCO tapes, Ceramic coating samples



2. Studies on radiation resistance 



Neutron Irradiation

International Research Center for Nuclear Materials Science of the Institute for 
Materials Research (IMR-Oarai center), Tohoku University

Samples BR2 @Belgian nuclear 

research center

Superconducting Properties 

Evaluation System @IMR-Oarai

VTI

15.5 T 

Magnet
Temperature Range 4 ~ 80 K

Max. Current 500 A

Max. External Field 15.5 T
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Present results of neutron irradiation effect
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Vanishment of superconductivity in GdYBCO tapes even at 4.11 x 1022 n/m2.

TC reduction of 10 K at 8.32 x 1022 n/m2

IC degradation depending on the measurement temperature at 8.32 x 1022 n/m2

Our results are similar to the data published by TU Wien group
(D. X. Fischer, et al., Supercond. Sci. Technol. 31 (2018) 044006)



Confirmed items and next irradiation plans

Superconductivity of GdBCO under neutron irradiation degrades
by . 

The contribution of low-energy neutrons seems to be large (TU Wien)

What is the effect of Gd (extremely large cross section) ?
[Gd: 49000 barn, Eu: 4600 barn, Y 8.9 barn]

Effects of artificial pins ? 

155Gd 𝑛, 𝛾 156Gd (𝜎 ~60.5 kb(0.025 eV), 𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒: 14.8%)
157Gd 𝑛, 𝛾 158Gd (𝜎 ~253.6 kb(0.025 eV), 𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒: 15.7%)

Neutron capture reaction with low-energy neutrons

Atom displacement due to recoil



3. R&D of mineral insulated REBCO coil



Application of ceramic coating to SM materials

- Higher radiation tolerance of mechanical strength than resin

- Better thermal conductivity (Al2O2:32, SiO2:10 >> EP resin:0.3 [W/m・K @300K])

- Close to the coefficient of thermal expansion of cable

Optimized coating conditions

- Coating material: Al2O3 : SiO2 = 1 : 1  (G-92-5, NIKKEN .Ltd)

- Cycle forming of 10 mm thick by spray method (Drying temp. 80℃)

- Final heat treatment: 100℃, 20 min Class 0 (0/100) 



Trial carting on short REBCO samples

SCS4050-AP (SuperPower)

0.5 1 1.5 2 2.5 3

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

0

Applied Voltage [kV]

C
u

rr
e

n
t 

[m
A

]

 t= 38 mm  t= 24 mm  t= 16 mm

Withstand voltage

- t=16 mm : 0.679 kV

- t=24 mm : 2.006 kV

- t=38 mm : 2.693 kV

Trials of coating succeeded in forming a 

ceramic film reaching a withstand voltage of 2 

kV with a thickness of 30 mm.

No deterioration of the IC of the REBCO due to 

the coating process was observed.

Applied load with AC voltage(50 Hz)



Present status of ceramic coating application studies

Succeeded in 25 ± 4.7 (σ) μm thick ceramic coating 

40 m length on both sides of a REBCO tape

➢ Conductor: long REBCO tapes (reel to reel)

➢ Structural materials: center bobbin, outer supports, 

spacers, electrodes etc.
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Trail winding of mineral insulated coil

Aron Ceramic Type C (Toagosei Co., Ltd) 

Main Ingredients Silica (SiO2)

Viscosity 70,000 mPa･s

CTE 13 X 10-6 (0-600℃)

Heat Treatment
16 h at R.T. 
→1 h at 90 ℃
→1 h at 150 ℃

Tape: L=14 m, W= 4 mm (Full surface coating)

ID = 80 mm, 1st: 26 turns, 2nd: 24 turns

 Small demonstration coil is wound using wet winding technique   

with ceramic adhesives 

 No deterioration of superconductivity 

due to winding process
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Cooling & excitation test at BNL

Preparing to racetrack coils for 

cooling and excitation tests at BNL

BNL test stand



Design of the insert coil

EuBCO

GdBCO

➢Type: EuBCO, IC (77K, S.F.): 201 A

➢Thick. of Hastelloy: 50 mm, Thick. of Cu: 40 mm (one side) 

➢Width (Avg. of meas.): 4.08 mm

➢Thickness (Avg. of meas.): 0.16 mm

➢Thickness of coating: 0.026 mm (one side) 

➢Thickness per turn: 0.31 mm (Tape + Coating+ Adhesive)

➢Number of turns per layer: 20 turns



Preparation for winding of the insert coils

➢Establishment of winding technology

➢ Improvement of coil parts and winding jigs

➢Feedback to the actual coil design



4. Summary



Summary



Collaborators

Neutron irradiation has been performing under the inter-university

cooperative research program of the International Research Center

for Nuclear Materials Science, Institute for Materials Research,

Tohoku University.

 JSPS KAKENHI Grant Number 16H06008, 18KK0087

 U.S.-Japan Science and Technology Cooperation Program.
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