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J - PARC

400 MeV



J - PARC  MLF

ƨ1 MW ἧɑɶɞ
3 GeV 0.33 mA 25Hz
Double pluses ɏɩȷ₦ 10 0 ns 600 ns

/22

MLF

ɝɣȨɱ



ɝɣȨɱ (ᶥ )

ɵ ר
ɵԌǜ2 cm ♄33 cm
ɵ15 ᶥ /ѝ
ɵ3.9 kW ǵ (1 MW )
Ẏ920 K ↓( Ι) ᾑлԁ

ɵ ἧɑɶɞ♄
ɵᾎᴁ 10 ₴ ↓ǵ ȉȑ( ֞ǘ)
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ƨ ǲ ǜȓȒ
1)˘ ἧѫ ǵ (֛ ↓ ɑɶɞȳȢȸ Ƶ)

MLFǶẉ ɏɭɶɓɫɱɄȡȠ

2)ɝɣȨɱ֛ ẎӓǵǦȈǵ ◐ ˘ ɧȢɱ
( ǵ )

3) ȋק ᶅǵ
ᾑ ר

4) ɟɱɄɈɱȷ(דȇ ̸)
ᾑӓ ы ǵ ɵ ρ

ʣ Ǔ ƵǱѰ ǵʴǮ›ἶ ǲ ǠȒǒ



ǯǞǭǵ

M.S. Avilovet al., NIM A618 (2010) 1

1 mm/  2000ϴ
0.001 mm/  1600ϴ

2000ϴ
10 1600ϴ

700ϴ

Al 70GPa-W 400GPa

10GPa E 10.8GPa

Ŭ 4.8ppm/K

ɟ 0.21

4kW 8mm

146ϴ 13MPa 90MPa

1mm/

0.001mm/



ᾑ ωǵ (DPA)

ωǵԍᶦǶ ʴǵԍἧǵ Ҳǲ ᶦ
ƨ֛ט Gy
ᾑ ǵ ᾑǲȏǪǭӴ̬ ǉǦȑǵ Ǔ֛טǠȒȦɋɩȬɶ
Ħ ᾑ ωǶ ᾑ ǵ ȋȦɋɩȬɶǲȏǪǭ ǱȒ
ƨ₳᷈ǶǟǔїǞԍἧ  DPA (Displacement  per Atom) dpa

  1dpa = ЋԍἧǓ₳᷈ ǲ1ᶥǶ ἧ̬ ǒȐ▒ǔ ǷǜȓȒ
DPA = »sÐd

» ɓɧɁȭȷ t ᾑ Ðd ǶǟǔїǞ
ȩȷȯɶɇǲȏǪǭ ωǶᾯ

ǲ ǚȒ
ἧ ԍἧ ἩǵɘȠ ɓɪɱȯɩᾍ

J. Plasma Fusion Res. Vol.84, No.5 (2008)π



ɝɣȨɱ ǵDPA

ɵ Ἡɵ ἧ ԍἧǓ ҲǞ ᾍ ȋɚȢɇǵ
 Ł ωǶ ↓ǲȉ͒Ἥ

⸗♦ꜟ ╩ ⇔≡№╡ ⌐
2cm ∕─ ⌐ ⱨ꜠כⱶ≤

╩─DPA │

ʴרἧ ᾑ ǲᾍǠȒ ר ᾋ
ǵẀӓ ᾑʴ ↓ 1150 - 1250 ħ
1dpa Ǯ 0.8% ǵ֛

, Γ ⅔╟┘ ─
Δ, TANSO150(1991) 290.

1dpa



ǵᾎᴁ

ǵ ᾑ ωǲȏȒ֛ ǲ̢Ǎ
ꜘҘѝ⁹ᶫ

ʴⱲ ǵȆ֛ Ǟ ̀Ƕᾋ ẀӓǱǞ
Ł╠Ǫ█ȑꜘҘ

ǲȏȒ
ɵANSYS
ɵ0.5% ֛ (1 MW ӭ₴)
ʴⱲק Ǯ ǵ╠Ǫ█ȑꜘҘ

▌ǜ38 MPa ǯֿ ↓ǵ╠Ǫ█ȑꜘҘ
Ǔ

Ł1 MW ǧǯӭ₴Ǯ ǵᾎᴁ

Ū ѧǶᶭὑ ╛ǲǭ ș
ūJ - PARCїҘʣ ǲֻȖǢǭᶥ
╛șᾚЊ
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ᶭὑ

ȮɧɓȟȢɆר
IG- 430U ( )
♄; 70mm
Ԍǜ; 20mm

ἧɑɶɞ♄; 16 mm ( 1Ð)
4kWқ @ 1MW ἧɑɶɞ

SUSлԁ )
ɓɪɶɞẆ♄150 mm

Hot Iso- static Press

70 mm

20 mm

5₴ ǵ ș
(ISIS/RAL; @200kW, ᾎᴁ 1₴)

2mmTi ɨɱȮ
(ꜘҘ֛ט)



ǲȏȒᾋ Ẁӓ

ɫȤ̂ǘǵ ꜠ᶫ
ȿȽɱɨɱȮ֗Ǻ ș 3¡ǵɄɶɏ
Ǯ Њ
50 ɝȭɫɱǵ ș -ȿȽɱ Ǒȏ
ǺȿȽɱ- ǲ Њ

700 ↓Ǯ ɫȤ̂ǘ

ǔ Ȉ ǲȏȒᶿ 20 MPa ș⁪Ǟ╠
ǔ 0.8 dpa Ǔᶭὑ ǵᾎᴁ

ɵ ᶮISISǮǶ █ǵ ȑ Ǟ ҥǲȏȑ
Ł ǯ ǵʴ ǵ █͜ ǵȿȽɱș ǲ̓

ǹǡȆȰɶȶș̓ ǞǦ ꜘҘǵ ὑ

ӭ♄ ׄǵ ꜘҘ ƨǶ ὑΙ ƞ
Ƕ Ι ǮǶǑǑȏǤ20 
MPaǵᶿ ꜘҘ



ᶭὑ

Å ᾑ ωǲȏȒ ǵ֛
ᶭὑ ǵᾎᴁ

< 1year @1MW beam operation

Å

Beam spot

EXILE 2012
ʢ ǲȷɛɁɆ Ҳ

Beam spot

7 th July, 2014
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ᶥ Ḩ

FB

FB

FB



ᶭ̱ ҃Ḍ ֞ǘ

 (Pa)

MoS2 ♫כ♥ꜞ <300 105 to 10-5 1100

WS2 ☿Ɽ꜠כ♃ <350 105 to 10-5 │ 110000

AIP-Ag ♫כ♥ꜞ <350 10-3 to 10-10 5800

Â ; 

Â ; 

Â ; 

JTEKT(KOYO) 

WS2
MoS2

AIP-Silver

100MGy/ 10-5Pa 150  33N ; 20N

I.D. =17mm, O.D.= 40mm, w=12mm, C4 

30 10

G. Heidenreich, Batavia Illinois 2002, 

Proc. AIP 642, 122 (2002).

M target

E target

1

MUSE

10

PSI



ᶥ ̱

300ϴ

450ϴ

Å FB

FB  200MPa

É

É

300 r.p.m. 0.5 1MPa

É

450ϴ 300ϴ = 150ϴ
80MPa

É

É



ᶥ қ

750 1.4MW

10

15 r.p.m. 300 r.p.m.

1



ǲȏȒ ͔(ᶥ )

É 100ϴ
ÉFB 80ϴ 140ϴ



ǲȏȒ ͔( )

100ϴ
900K 800K

3 MPa 39 MPa



ǯ ὕ ǵ

( C̄) ( C̄) ( C̄) ( C̄)

650 300 135 120

750 310 160 140

750 340 165 135

; 120 C̄

140 C̄

FB

; 650 C̄ ( )

750 C̄ ( )



ᶥ ǯȷɕɧȢɱɈɁɆ

THK

DP15

30K 15ppm/K 3 m = 1.4mm



ᶥ Ҳ ɵ̟

5.3N m 500r.p.m.

SUS304,440C

Ÿ

AC

60W 0.76Nm

SUS440C

0

SEM



PSIǯKEK ɵJ - PARCВֿɕɪȷɨɨɶȷ

16 May 2022 Things run smoother without lubricants
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►ѧ ǵɠɉȽɨɱȮ

É

É

É

É

É Q CT

Machine 

Protection System



1 MWР˔Э֫ χᴛ

̕1MWτΣΪϥЬвϷр Ὁᴛ ψʼ ὓχ ᴣ Ϭϕϖ™ᾝ
̞2015τῖḊΰθІϼй˔О˔No.1ᴛ ψ ᴣ 55 τ ΰοם 57

̠1MW ᴂḁ

ᶥ ↓Ƕ ͔ΙǯȂȃʝ

ˍɑɶɞǵ ᾍǿǵȦɋɩȬɶ̂ʦǵǦ
Ȉὕ ΙǓʣ ǞǭǋȒǯ ǏȐȓȒ

ὄὑ1MW ǵǑǒǙǮ
↓ǵ ᴇȅǮ



ֺ ↓ǵɑɶɞɏɭɶ͒Ἥר

̙ЬвϷр Ὁχᴛ χḢ Ϭ“Μʼ ο ὓ πΚϥάρϬᶎ ΰθʽ
ʾᵕ ꞊ ᴛ <300 ʼІϼй˔О˔ ᴛ <100 (ᴛ ₯80 ) 

ʾ1‹Ṑρ2‹Ṑχᴛ χӸΜψᾤ χ Ӥ (ᴞ ╥ )

ɝɣȨɱ ↓ǵɑɶɞɏɭɶ͒Ἥר

1ֵ jacketֳ

2ֵ jacketֳ

1ֵ
2ֵ

2ֵ ᶥ

1ֵ ᶥ



ᵰϸЮжτϢϥЬвϷр Ḣ╔

̙ᵕ ♁τϢϥᴛ Ϭ τᾁ
̙ЬвϷр ᴛ χ Ḣ
̙ χ בּ Ϟᵰ τϢϥ χḢ
ʾ ᵰϸЮжʾ ᵰ Ἃ ψ םᾓ♯בּ (‰≤ᾆʾ ӺᾆʾJRR4 )ΥΚϤʼϸЮжψ1 MW֫
π1 (5Gyӟ )ʼ Ἃ ψ ṍḧ(50MGy)χ

◓Р˔ЭЍϼЕ τỲ Ϭ ΰʼ בּ ᵰ ϬϸЮжπ

ЬвϷр ( ◓ᾛ) ᵰϸЮж

˙11m

ɛɶɆ̂ǔȾȭɆ
Ẇȩɟɧ

ȩɟɧ ( +ɛɨȦȿ)

ȾȭɆКǵ Ẇɝɧɶ

̙ ᵰϸЮж▫
РЅдрЈрЄрϽּז
VIM-640
GeйрЇ ẩ 150mm
ӡ π1.7mmἋḧ ᵔ



ᶫ1 .
α ʴǲɅȶȩɟ
Ǯ ◙ǞǦ ϑ

ᵰϸЮжτϢϥᴛ Ὣᴮ
̕ ᵰϸЮжτϢϥ Ḣ τ ῞( 1ʼ 2)

̛ בּ ϵж˔τϢϤʼᴶ ψ30%

₢ ᵔὨτψϸЮжΤϣ Ὲʾ Ϭ ΰοР˔ЭЍϼЕΤϣẩ Ϭ︡Ϥʼ
ωΨ ᾚϬ ϥ ΚϤʽ
˓ בּ ΣϢό ᴂ ʾᵰ τϢϥПР χ ᴣϬὋ
̓ τ ΰθ τϢϥ βϥϘπ1Ⱳḧ
ᵰϸЮжτϢϥ Р˔Э τϢϥᴛבּ χ ϬΥ ΰΨḢ ( 3)

ᶫ2.ɝɣȨɱ ↓ǵ
ɑɶɞɏɭɶ͒Ἥר ᶫ3. Ẇȩɟɧ֗Ǻ ᾍ

ș ǋǦ ↓ ὑǵ
ꜘ ǵ

ᶫ1. Ẇȩɟɧ ϑ

200.00

250.00

300.00

350.00

400.00

450.00

500.00

0

20

40

60

80

100

120

17:0517:3518:0518:3519:0519:3520:0520:3521:0521:3522:0522:3523:0523:35 0:05 0:35 1:05

ᴛ ˢ1/16PMx

₮ᴛ ͍

₮ᴛ 2

֒ᴛ ͍

֒ᴛ 2

꞊ᴛ ͍

꞊ᴛ ͎

꞊ 1

꞊ 2

ƢǄƒƟƕƪ1

ƢǄƒƟƕƪ2

ϸЮж

IR Camera

TCs



Movie. 2 at 600kW (CCW)Movie. 1 Infrared camera at 1 MW

Infrared camera
Interlock for beam stop 

Abnormal temperature rise
Rotation stop by an image recognition technique
Life prediction for the rotating system

Evaluate damage to graphite and rotating shaft by image recognition



¸ᾁ ᵊ ϬʺⱲḧӢ ΰσΜᵊ ӡ τᾧ σ ρʺⱲḧӢ βϥᵕ ӡ τᾧ

σ χ› ρ

ᾁ ᵊ (t) ˹ ᵊ ᾧ  ˴ ᵕ (t)

¸ᵊ ᾧ χ ψʺ ᵊτḩΰοⱲḧ ỡϬρϦω︡Ϥ δϥ

ᵊ ᾧ  ˹ ѕt ᾁ (t) ˗ˢѕt ͍ˣ

¸ᵊ χ τӢ ΰσΜᵕ ψʺᵊ ᾧ ΤϣχЇйρΰο︡Ϥ δϥʻ

ᵕ (t) ˹ ᾁ ᵊ (t)  ˵ ᵊ ᾧ

ᵊ χᵔ

ᾁ ᵊ

ᵊ ᾧ

ᵕ

℅ Ḋ



¸ ◓Р˔ЭτϢϥộ ᴥ χ Υᴅ
ΰχ₥ ρΰοᶎ πΦϥʻ

¸СϼЈиχḇ χωϣνΦΥᶎ πΦϥʻ
ˢאַ ̢ˣΥ︠πʺСϼЈи ӡχω

ϣνΦϜΚϥʻ

ᵊ ᾧ χ

¸J-PARCχº Μ︡Ϥ ΰºπψ2480Ьз τ4ОиІχὧ
̠ ṍ σ

¸ ᵰϸЮжψ99.4Ьз τ╖ֲ ˢ ˣ

¸25ᵕ╖ֲῇψ99.4˷25=2485Ьз
̠ ╖ֲτϢϤ5Ьз ӡχІЕкЩ╖ֲΥᴦ ʻάχІЕкЩ╖ֲτϢϥ
5m έρχ ᶈ╩ᵊ Τϣ ᵔ Ϭ♯▄ΰθὫᴮ

ρΰο
  k = D Ѭ Cp  = 144.18 W/K/m

Υ▄ ήϦθʽ( ∙ χIG430Uψ·˙140W/K/m ˣ
̞ᾝ∕ʼ ṍḧ╖ֲД˔ЌϬ Μο ⇔ᵔ



ᶥ ɠɶȽɶǵɆɩȭɠɉȽ

˓2021 χᵕ ṐῖḊӟ‭ʺ
ᾒ σ ẉόЕиϼ ‹χ
(500-600ms)Υᶎ ήϦθ

Еиϼ ἹД˔Ќ
FFTІЧϼЕиΤϣӟᴞχ2
χС˔ϼΥᾋϣϦθ

ʾУк˔ЖΰθС˔ϼ
ʾЄа˔ФσС˔ϼ



ᶥ ɠɶȽɶǵɆɩȭ

⁷ʿᵰ   (ᾧ )
ʿ ˢ Ԋ ΰτᵕ ʿ πψ ᵕ Ϭꜘβˣ
ʿ  ( ꜛ ֫ )
ʿ ⱱṀ ( Ԋ ΰτᵕ )

ζχ
ᵃ ( χᾤ τӢ ΰθ )



ᶥ ɠɶȽɶǵɆɩȭ
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ẃ ὑ ɟɱɄɈɱȷ

Å

Å

Å

20~30mSv/h

Å

100~300mSv/h



ᶥ ֻᶅǵ ω

Å ωǓѨ ǞǦȩɁɕɨɱȮǶʣ ǵᶥ ᾚЊ ǵ Ƴ
Ł Ǧǲ ὑǞ Ǟǖȫɶ қ›ǜȓǦȩɁɕɨɱȮǯ˧

ǞǦȩɁɕɨɱȮ

Åᶥ ǲǶƲȉǍʝȩ ƲֿǟȩɁɕɨɱȮș̓ Ǟǭǋ
Ȓ ǓǉȒƳ ḹ̸ ǮǶ˧ Ǔᶩ

ȩɁɕɨɱȮ ֿṲș
ǠȒ ᴜ



ʹǵ

̓ ʴǵɝɣȨɱ ǵᶥ ȩɁɕɨɱȮș ʹǞǭПѫ
ǵǦȈɑɶɞɧȢɱǒȐ֝ȑїǞǭ̸

̂ǔȫɡȷȭ

P- Beam line

Muon Target 

Temporary storage

FL1.6

FL4

Target replacement with cask

Shield

Ū M2ẏ˝ ֝ȑẆǞ
ū ȫɡȷȭș ǋǭɝɣȨɱ șʝ ͪ ↕ǿ Ҳ
Ŭ ȩɁɕɨɱȮș ᴜǲ˧ ˧ ʥ֯ǱȐ˘ֵ ș Њ
ŭ ʹ Ȇor ᴜɝɣȨɱ șɑɶɞɧȢɱǲ Њ

Shield

Side view

FL6

¸ 2014 ₴ǵᶭὑŁᶥ ˧ ̸ ǯֿ

FL10

˧
Ȇ

˧
˔ὑ



̸ ǵ ᾍ ȮɨɶɱɍȤȷɵȦȠɧȢɱȵȷɄɞɵɆɨȿȤɞɠɉȽ

ȦȠɧȢɱɜȷȭ
ȠɌɧɁȭȷɶɂ

ᾯ
ȮɨɶɱɍȤȷ

ɠɉȽ

ɵɆɨȿȤɞǶ ǯ ἧɑɶɞǵ ֚ꜘǲȏȑ0.5 TBq/ ₴@1 MW
↓ Ǟ ǲ̂ Ǟ ʴǵH2O ѝἧǯ Ǟǭ ǠȒ



ְʣ ɵȫɡȷȭ

44



ȫɡȷȭȭɪɶɱǲȏȒ╠ǔ ǔɵ

ɵ̸ ᴣǶẎḌ ᶅὙǲ
ɵȫɡȷȭКǶ ǲȏȑ ᶿ
ɵ șɠɉȽ <0.2 Bq /cc
ɵəɶɩɇɛȢɱɆ
ɆɨȿȤɞ ↓(ȷȽɁȭǿǵ )

45

ȫɡȷȭȭɪɶɱ

ȷȽɁȭ

ɆɨȿȤɞɠɉȽ

ȫɡȷȭКǵ ᶿ



ɫɁɇ╠ǔʣǙ ǵ

46

¸ɫɁɇșȿȥɶɱɔɫɁȭǮ╠ǔʣǙ ̸ ḹ ǵ ș ὑ
ɵɫɁɇ̂ Ǯ2 mSv /h ̸ ἧ̂ Ǯ0.5 mSv/h
Ł10 ↓ǵ̸ Ǯ5mSv ǵ ǷǖǯǱȒ

¸ɛɶȽɔɩȰɩɜɉȤɞ ǲȏȒ ὑ
ʺ ǶCo60( ӭ  5.27 ₴)

ȩɁɕɨɱȮ˧ ̸ șʴ Ǟ ˘ֵ Њ̸ ǿ



˘ֵ Њ(9/8/9 - 23)

47


