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Abstract 
The DC-Beam Current Transformer (DCCT) of J-PARC Main Ring (MR) can measure beam current between about 

0.2 mA and 20 A with three full-scale ranges of 200 mA, 2 A, and 20 A. Its frequency response is up to 20 kHz. 

Conversion of measured current into circulating proton number in MR is done with dividing by rf frequency, and 

measurable maximum number is 5 x 10
14 
protons. A calibration has carried out with precise digital multi meters, and 

then it was confirmed accuracy for current measurement is order of 0.1 % in case of DC current at environmental 

temperature of between 23 and 26 degree C. In this paper, mainly actual calibration methods and results were described. 

J-PARC MRࡢࡢࡢࡢ DCCTᰯࡢṇᰯࡢṇᰯࡢṇᰯࡢṇ 

 ࡵࡌࡣ .1

J-PARC ࣓ࢢࣥࣜࣥ(MR)ࡢ DCCT 
㸪KEK-Bࡣ[1]

࡛㛤Ⓨࡓࢀࡉ୪ิࢡࢵࣂࢻ࣮ࣇᆺࡢ parametric 

DCCT 
ኚࡢࢥ㸪FINEMETࡾ࠾࡚ࡋᇶᮏࢆ[3 ,2]

᭦ࡿ࠶࡛ࡢࡶࡓࢀࡉ࡞ࡀ㸬᭱ 20A ࿘ᅇ㝧ࡢ࡛ࡲ
Ꮚ㟁ὶࢆ DC㹼20kHz ࡁ࡛ࡀࡇࡿࡍ ᖏᇦ࡛ィࡢ
㸬MRࡿ ࣃࡣ㟁ὶ࣒࣮ࣅ㸪ࡾ࠶࡛ࣥࣟࢺࣟࢡࣥࢩࡣ
࡚ࡋࢫࣝ DCCT タࡢ㸬㟁ὶ ᐃ⢭ᗘࡿࢀࡉධຊ
ィ್ࡣ 㸬ࡓࡁ࡚ࡋබ⛠⢭ᗘࡢ࡛ࡲࢀࡇ㸪ࡾ࠶1%࡛

 

DCCT ࡾྲྀ≉㸪ࡃᗈࡣ⠊ᅖࡿࡍ⏝ࢆ್ ィࡢ
ฟࡓࢀࡉ MR 㸪ࡣ࡚࠸࠾ᐇ㦂⌮≀ࡿࡍ⏝ࢆ࣒࣮ࣅ
್࡞㔜せࡀ⢭ᗘࡢࡑࡧ㟁ὶ್㸪⢏Ꮚᩘ್ཬ࣒࣮ࣅ
㸪MRࡓࡲ㸬[4]ࡿ࡞ ࣮ࣅ࿘ᅇࢫ࣒࣮ࣟࣅࡿࡅ࠾
㸪DCCT࡞ᐃ[5, 6] ࡢ㛵┦ࡢ࣒ せࡀᐃ⢭ᗘ ࡢ
ồࡿ࠸࡚ࢀࡉ㸬࡞࠺ࡼࡢࡇ⫼ᬒࡽ㸪≉ DC 㟁ὶ
㸪1e-4࡚࠸ࡘ್ ࡘࡶࢆᗘ☜ࡢ࣮ࢲ࣮࢜ Digital 

Multi-Meter (DMM)ࢆయ࡚࠸⏝ࢆ࣒ࢸࢫࢩࡓࡋ
ᰯṇࡓࡗ⾜ࢆ㸬 

2. DCCTࡢ㟁ὶ ᐃᅇ㊰ࡢホ౯᪉ἲ 

ᅗ 1. DCCTࡢᇶᮏᵓᡂ[1]
. 

DCCT ᅗࢆᇶᮏᵓᡂࡢ 1 㸬DCࡍ♧ ഃࣝࢥࡢ
ࢆ 1kHz࡛ parametric modulation ( sine wave࡛ࡢᇶᮏ
ບ)࠸⾜ࢆ㸪࣒࣮ࣅ㟁ὶࡾࡼ☢ሙࡀຍࡿࢀࡉ
࡚࠸࠾㸪ㄪჾࡣኚࡢࡁ 2 ㏴ಸࡓࡋᇶᮏບ
Ἴᙧࡢࡽ┦ᕪ᳨࡚ࡋฟࡋ㸪ࢆࢀࡑ㟁ᅽᕪኚ
ࡿࡍ㸬AC ഃ࡛ࡣ㸪L/R ⾜ࢆࣥࣙࢩ࣮ࣞࢢࢸࣥ
㸪DC㹼5Hz㸪5Hz㹼20kHzࢀࡒࢀࡑ㸬࠺ ᣢࢆ⟆ᛂࡢ
㸪᳨ฟᚋࡣฟಙྕ᳨ࡢ⪅㸬୧ࡘ SUM 㸪㟁ὶࢀࡉ
࡚ࢀࡉኚ DC ⣔ AC ⣔ࢀࡒࢀࡑศᒱࢥ࡚ࡋ
ࡍᾘࡕᡴࢆ᮰☢ࡢ࡛ Negative Feedback࠺⾜ࢆ㸬 

 ᅗ 2. DMM ࡛ᵓᡂᰯࡓࢀࡉṇ࣒ࢸࢫࢩ. 㟁ὶ※ࡣ
⾲ ࡢ1 2ᶵ✀ࢆ ᐃ⠊ᅖ࡛ษ࡚࠼᭰ࡾ⏝ࡿࡍ㸬 
 

ᅗ 2 DCCT㟁ὶ ᐃᅇ㊰ᰯࡢṇ⏝ࡢィ ࢸࢫࢩ
㸬DCࡍ♧ࢆ࣒ ACࢀࡒࢀࡑࡢ 50 turnࢥࢺࢫࢸ
 㸬ࡍὶࢆヨ㦂㟁ὶ࠺ࡼࡿ࡞ࡁ㸪୍➹᭩ࣝ

DCCT ᐃ᭱㟁ὶ ࡢ 20A 㸪400mAࡣṇ࡛ᰯࡢ ࢆ
༳ຍࡿࡍ㸬⏝ࡓࡋ⢭ᐦ㟁ὶ※ィ ࡓ࠸⏝
DMMࡢᵝࢀࡒࢀࡑࢆ⾲ 1㸪2ࡍ♧㸬DCCT ᅇ㊰
㸪TP4㸪ࡢฟຊ㟁ᅽ᳨ฟ㒊ࡢ㸪ฎ⌮ᅇ㊰ࡣฟຊࡢ
TP5㸪 ISO㸦⤯⦕ࣉࣥฟຊ㸧ࡢ㸱Ⅼ࡛⾜ࡓࡗ㸬
DCCT ฟຊࡣィ ࣞࣥ᭱ࡢࢪ㟁ὶ್ࢆ 10V ࡛ฟຊ
㸪20Aࡣࢪࣥࣞࡢฎ⌮ᅇ㊰ࡓࡋ㸬ᰯṇࡿࡍ ཬࡧ 2A

ࡣ⪅㸬୧ࡿ࠶࡛ Feedback ࡢࣉࣥࡢ㒊୍ࡣࣉ࣮ࣝ
ฟຊ㒊ࡓࡲ㸪ࡾ࠶ᅇ㊰୍࡛ྠࡰࡣ࡚࠸㝖ࢆࣥࢤ
TP5 ࡀ⪅ᚋࡀࣥࢤࣉࣥࡢ࡛ 10 ಸ㧗࠸㐪࠶ࡀ࠸
 㸬ࡿ

___________________________________________  
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⾲ 1㸸⢭ᐦ㟁※[7,8]
 

Product Current Accuracy Noise 

HP 6626A 0㹼2 A 0.04%+550µA 0.1mApp 

Keithley 6220A 0㹼100mA 0.1%+50µA 10µApp 

 

⾲ 2㸸DMM (࡚ Keithley ♫)
[8]
 

Model  Item Digit Accuracy@reading 

2002 Input Current 8 1/2 58 µA@100mA 

2010 Isolate Output 7 1/2 27µV@1V 

2000 Shunt /AMP Voltage 6 1/2 77µV@1V 

 

DC 㟁ὶࡢィ ࡢࢺ࣮ࢤࢢ࣑ࣥࢱᇶᮏ࣮࢟ࢫ
ᅗࢆ࣒ 3 ࡢ࡚ࡍ㸬ࡍ♧ DMM 㸪ࡣ㟁ὶⓎ⏕ჾ
Timing ಙྕࡾࡼእ㒊ྠᮇࡾྲྀࢆ㸪ON / OFFࢀࡉ
ࡶ㛫ࡢࢀࡎ࠸㟁ὶࡓ DMM ࡢ ADC ࢆࢺ࣮ࢤ
ࢆ㛫ࢺ࣮ࢤ㸬ࡿࡅ 10 PLC ( 200 ms )ࡋ㸪100 

cycle 㸬ࡓࡗྲྀࢆ㛵┦࡛ࢱ࣮ࢹࡢ㛫ẖྛࡾࡓࢃ
ṇࡢ㟁ὶ್࡚ࡋ㸪ON  OFF ࡢ DC 㟁ὶࡢ
ᕪࡓࡗྲྀࢆ㸬 

ᅗ 3. ィ ࢺ࣮ࣕࢳࢢ࣑ࣥࢱࡢ 

 

 

 

 

 

 

 

 

 

ᅗ 4. 㟁ὶィ ☜ᗘࡢẚ㍑㸬⥳Წ㸸☜ᗘಖド⠊ᅖ㸬 

 

 

 

 

 

 

 

 

 

 

ᅗ 5. 㟁ᅽィ ☜ᗘࡢẚ㍑㸬⥳Წ㸸☜ᗘಖド⠊ᅖ㸬 

3. DMMᰯࡢṇ 

DMM 㸪ࡵࡓࡿࡍㄆ☜ࢆṇ⢭ᗘᰯࡢ࣮࣮࣓࢝ࡢ
㟁ὶィ ࡛ࡣ 2 ྎ(⾲ ࡛ 㸪㟁ᅽィࡢ(2010 ,2002 :2
ࡣ 3ྎ㸦ྠ㸸2002, 2010, 2000㸧ࡢ࡚࠸ࡘィ ್ࡢ

ẚ㍑ࡓࡗ⾜ࢆ㸬ẚ㍑ࡢ᪉ἲࡣḟ࡛ࡿ࠶㸬㸸1) ᇶ‽
ࡿࡍ DMM ᕤሙฟⲴᚋࡣ 4 ࡢ᭶ 2002 㸪ࡿࡍ
2)㟁ὶ㟁ᅽୖࢆグࡢ DMM 㸪ᅗ࡛ࡏࢃྜࡳ⤌ࡢ 3

ࢆ ィྠࡢ࣒࣮࢟ࢫ࣒ࢱࡢ 100cycle 㸪3)㟁࠺⾜
ὶ࣭㟁ᅽࡢィ ್ࢆᇶ‽ DMM2002 㸪ࡋ⟭㝖್࡛ࡢ
ࡿ࠶ᗘಖド⠊ᅖ☜ࡢ‽ᇶ࣮࣮࣓࢝ࡀࡁࡘࡽࡤࡢࡑ
ࡒࢀࡑ㸪ࢆẚ㍑⤖ᯝࡢ 㸬㟁ὶ㸪㟁ᅽィࡿㄪࢆ
ᅗࢀ 4㸪ᅗ 5 ࣮ࣂࡓ࠸ࡘࡢᶓᲬࡢ⥳ࡢ㸬 ᅗࡍ♧
බ⛠☜ᗘࡾ࠶ᗘಖド⠊ᅖ࡛☜ࡢ࣮࢝㸪࣓࣮ࡀ⠊ᅖࡢ
Ⅼྛࡓࡲ㸬ࡿ࠶࡛ࡢࡶࡓࡋ⟭㝖್࡛ࡳㄞࡢᐃ ࢆ
100 ᅇࡢ࡚ࡢ ᐃ್ࡿ࠶࡚ࡋࢺࢵࣟࣉࢆ㸬ࡽࢀࡇ
ࡢࢀࡎ࠸㸪ࡽᅗࡢ DMM 㸪2002ࡶ ࡓࡋ‽ᇶࢆ
 ᐃ್ࡀ㸪 ᐃࡢ 100 ᅇ࡚ࡵྵࡶࡁࡘࡽࡤࡢ㸪☜ᗘ
ಖド⠊ᅖࡓࡋ♧ࢆࡇࡿ࠶㸬ィ ࡓ࠸⏝ 2 ࡓࡲ
ࡣ 3 ࡢᩘ「ࡢྎ DMM ⠊ࡢ‽ᗘᇶ☜ࡢ࣮࢝㸪࣓࣮ࡀ
ᅖෆ࡛㸪1e-4 ࠸ࡉᑠ࡚ࡵᴟࡣ⋠☜ࡿࡍ⮴⢭ᗘ୍࡛ࡢ
㸪ࡵࡓࡿࢀࡽ࠼⪄ DMM ࣮࣓࡚࠸ࡘᑐ್⤯ࡣ
㸬ࡓࡋࡇ࠺ᢅ࡚ࡋࡿ࠶ᗘಖド⠊ᅖෆ☜ࡢ࣮࢝
ᅇࡢ DCCT ᰯṇࡓ࠸⏝ィ Ⅼ࡛ࡣ㸪ࡶࢀࡎ࠸
5e-4 㸬ࡿ࠼ゝࡿ࠶ィ ⤯ᑐ☜ᗘ࡛࠸ࡉ༑ศᑠࡾࡼ
ࡢᚋ㏙ࡧィ ཬࡢṇᰯࡢࡇ DCCT 㸪࡚ࡣṇᰯࡢ
23.0㹼26.0Υࡢ⎔ቃ ᗘ࡛⾜ࡾ࠾࡚ࡗ㸪 ᐃ☜ᗘࡢ
ಖド⠊ᅖෆ࡛ࡓࡗ࠶㸬 

 

 

 

 

 

 

 

 

 

 

 

 

ᅗ 6. DCCT 2A, 20Aࣞࣥࡢࢪ┤⥺ᛶ㸬 

4. DC㟁ὶ࡛ࡢ DCCTᰯࡢṇ 

DC 㟁ὶ࡛ࡢ DCCT 㸪ᅗࡣṇᰯࡢ 2 ࢸࢫࢩ ィࡢ
㸪ᅗ࡛࣒ 3 ྛࡣ 㸬ィࡓࡗ⾜࡚࠸⏝ࢆ㛫ᵓᡂࡢ
100 Ⅼ࡛ࡿ࠶㸬ᑦ㸪20A 㟁ὶ࣒࣮ࣅ㸪ࡣ࡛ࢪࣥࣞ 0

㹼5A ┦ᙜࡢ⠊ᅖ࡛ࡢ 50 turn ⢭ᐦධຊࡢࣝࢥ
㟁※ 6220A 㸪6220A࠸⏝ࢆ ࢆฟຊ⠊ᅖ (100 mA)ࡢ
㉸ࡿ࠼ 5㹼 20A 㸪ࡣ㡿ᇦ࡛ࡢ Function Generator 
(Biomation 2416A) ࡢฟຊ㟁ᅽἼᙧ㸦ࣉࢵࢸࢫ㸧ࢆ
㟁ὶ࡛ࢱ࣮ࣞࢿ࢙ࢪ㟁ὶࢫࣝࣃ(100㹼400 mA)ኚ
࡚ࡋධຊࡓࡋ㸬  

4.1 Linearity 

2A  20A 㸬ࡓࡗ⾜ࢆᛶヨ㦂⥺┤ࡿࡅ࠾ࢪࣥࣞ
ヨ㦂ධຊ㟁ὶ DCCT ฟຊ⦖⤯ࡢ ISO ᅗࢆ㛵┦ࡢ 6

ࡣ㸬INPUT㟁ὶ್ࡍ♧ DMM2002࡛ ᐃ್ࡓࢀࡉ
ࡢࣝࢥࢺࢫࢸ 50turn 㸪ࡣ㸬ᅗࡓࡋ್ࡓࡌࢆ
ྛⅬ 100 ᅇ ᐃ࡚ࢀࡉࢺࢵࣟࣉࡀࢱ࣮ࢹࡢ࡚ࡍࡢ
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┤࡞Ⰻዲࡶࢪࣥࣞࡢࢀࡎ࠸㸧㸬ࡌ㸦௨ୗ࡚ྠࡿ࠸
⥺ᛶࡀ☜ㄆࡓࢀࡉ㸬୍ḟ㛵ᩘ࡛ࡓࢀࡉࢺࢵࣇ┤⥺
ࡢ㸪タィ್ࡢࡁഴࡢ 10[V]/full-scale current[A] ᑐ
⾲ࡣᕪࡢ࡚ࡋ 3 㸬2Aࡓࡵࡲ 㸪タィࡣ࡛ࢪࣥࣞ
ࡀࣞࢬࡢࡽ್  㸬ࡓࡗࢃࡀࡇࡿ࠸࡚࠼㉸ࢆ1%

 

⾲ 3㸸2, 20Aࣞࣥࡢࢪ DCᰯṇࡽᚓࡓẚಀᩘ 

 タィ್ ࢪࣥࣞ

[V]/[A] 

 ᐃ್ 

[V]/[A] 

error 

2A 5.0 5.0584 +1.17 

% 

20A 0.5 0.5019 +0.38 

% 

 

ᅗ 7. (a) 2Aࣞࣥࢪ, (b)2Aࣞࣥࡢࢪ Fitting 㛵ᩘࡽ
 ṧᕪ㸬ࡢ

 

ḟ࡛ୖồ୍ࡓࡵḟ㛵ᩘࡢࢺࢵࣇࡿࡼᘧᑐ
㸬ᅗࡓࡵồ࡚࠸ࡘᐃⅬ ྛࢆṧᕪࡿࡍ 7. (a), (b)㸪
ࢀࡒࢀࡑ 2A, 20A 㸪9ࡓࡲ㸬ࡍ♧ࢆṧᕪࡢ ḟࡢከ㡯
ᘧ࡛ࡓࡋࢺࢵࣇሙྜࡶ࡚࠸ࡘ㸪ྠᵝࢺࢵࣟࣉ
㸬2Aࡿ࠶࡚ࡋ ࡞ࡃࡉᑠࡀ㸪ධຊ㟁ὶࡣ࡛(a)ࢪࣥࣞ
ࡁ᪉ྥࢫࣛࣉࡀṧᕪࡢࡽ⥺┤࡚ࡗࡀࡓࡋࡿ
㸪ධຊ㟁ὶࡾ࡞ࡃ 0.1A ࡛⥺┤㸬ࡿୖ㸪0.5%ࡣ࡛
࡚ࡋ㸪ࡃ࡞ࡣ 9 ḟࡢከ㡯ᘧ࡛ࡓࡋࢺࢵࣇሙྜ
ࡰ⠊ᅖ࡛ࡢධຊ㟁ὶࡃࡉᑠ࡚ࡵࢃࡁ㸪ࡣṧᕪࡢ
୍ᐃࡿ࡞㸬20A ࠸ࡉᑠࡢ㸪ධຊ㟁ὶࡣ࡛(b)ࢪࣥࣞ
㡿ᇦ࡛ṧᕪࡢࡣࡇ࠸ࡁ 2A ࡿ࠶࡛ࡌྠࢪࣥࣞ
㸪ධຊ㟁ὶࡾ࠶㏫࡛ࡀᴟᛶࡀ 1A ㏆1.5%-ࡁࡢ
㸬9࠸ ḟࡢࢺࢵࣇṧᕪࡣ㸪ࣟࢮ㏆㎶࡛ᖹᆠࡿ࡞㸬 

2.࡛ぢ࠺ࡼࡓ㸪DMM 㡿ᇦ࡛ࡢࡇ㸪ࡣᐃㄗᕪ ࡢ
㸪1e-4ࡣ ⛬ᗘ࡛ࡵࡓࡿ࠶ ᐃࡶࡾࡼࡁࡘࡽࡤࡢ᭷ព
ࡣ࡚ࡋㄗᕪᲬࡿࡍᑐᐃⅬ ࡢࣇࣛࢢ㸪ࡃࡉᑠ

ぢ࠸࡞࠼㸬ࡽࡽࢀࡇ㸪ࡁࡘࡽࡤࡢࣇࣛࢢ⛬ᗘࡢㄗ
ᕪྜ࡛ᰯṇࡿ࡞ࡇࡓ࠼⾜ࢆ㸬2A 㸪ࡣ࡛ࢪࣥࣞ
⠊ᅖ㸪20Aࡢ±0.05% ⠊ᅖ࡛ࡢ㸪±0.3%ࡣ࡛ࢪࣥࣞ
ࡢึ᭱ࡢ࣮ࣝࢣࢫࣝࣇ㸪ࡔࡓ㸬ࡓࡗ࠶ 1 ࡢ㡿ᇦ
(2Aࣞࣥࡣ࡛ࢪ 0.2A㸪20A ࡣ࡛ࢪࣥࣞ 2A 㸪ࡣ(࡛ࡲ
⏝ࡣຍ㏿ჾ㐠㌿୰ࡵࡓࡿ࠸⏝ࢆࢪࣥࣞࡢୗࡘ୍
㸪࡚࠸㝖ࢆ㡿ᇦࡢࡽࢀࡑࡵࡓࡢࡇ㸬࠸ከࡀࡇ࠸࡞ࡋ
ᐇ⏝ୖࡣ㸪2A ⠊ᅖ㸪20Aࡢ%0.01±ࡣ࡛ࢪࣥࣞ ࣞࣥ
ࡇࡍ♧ࢆ್ࡓࡗᣢࢆᗘ☜⠊ᅖࡢ㸪±0.1%ࡣ࡛ࢪ
 㸬ࡿ࠼ゝࡿࡁ࡛ࡀ

 

ᅗ 8. DCCTฎ⌮ᅇ㊰ฟຊ㒊 TP4, TP5, ISO୍࡛ࡢḟ
㛵ᩘ࡛ࡓࡋࢺࢵࣇሙྜࡢṧᕪ㸬(a) 2Aࣞࣥࢪ㸪(b) 

20Aࣞࣥࢪ㸬 

 

ୖ㏙ࡢࡽ⥺┤ࡢṧᕪࢆ⌮ゎࡵࡓࡿࡍ㸪ྠ
 ᐃࡓࡋ TP4, TP5  ISO 㛵┦ࡿࡍᑐධᑕ㟁ὶࡢ
ṧᕪࡢሙྜࡓࡋࢺࢵࣇḟ㛵ᩘ୍࡛ࢀࡒࢀࡑ㸪ࢆ
㸪ᅗ࡚ࡋ 8. (a)㸪(b)㸪ࢀࡒࢀࡑ 2A ࢪࣥࣞ 20A

㸬2Aࡍ♧ࢆࢱ࣮ࢹࡢࢪࣥࣞ 㸪ධຊ㟁ࡣ࡛ࢪࣥࣞ
ὶ⠊ᅖ࡚࠸࠾ TP4, TP5 ࡃࡼ㏆㎶ࣟࢮࡀṧᕪࡢ
ᥞࡽࡇࡿ࠸࡚ࡗ㸪DCCT ┤ࡢࢡࢵࣂࢻ࣮ࣇࡢ
⥺ᛶࡀᴟ࡚ࡵⰋࡿ࠸࡚ࡋ♧ࢆࡇ࠸㸬ISO ฟຊࡀධ
ຊ㟁ὶࡢప࡛ࢁࡇ࠸㸪ᅗ 7 ࢆഴྥࡌྠࣈ࣮࢝ࡢ
㸪DCCTࡽࡇࡘࡶ ฟຊ᭱⤊ẁࡢࣉࣥ⦖⤯ࡢ≉
ᛶ┤⥺ᛶࡀࡇࡿ࠶ࡀࣞࢬࡢࡽ⌮ゎ࡛ࡿࡁ㸬୍
᪉࡛㸪20A 㟁ࢺࣥࣕࢩࡢ㸪㟁ὶ᳨ฟ㒊ࡣ࡛(b)ࢪࣥࣞ
ᅽࡍ⾲ࢆ TP4࡛࡞ࡁṧᕪࡿ࠸࡚ࡋ♧ࢆ㸬ࡣࢀࡇ㸪
࡞ࡁ㟁ὶ㡿ᇦ࡛ࡣ㸪DCCT ┤ࡀࢡࢵࣂࢻ࣮ࣇࡢ
㸬TP5ࡿ࠸࡚ࡋ♧ࢆࡇࡿࢀࡎࡽ⥺ 㸪TP4ࡣ 㟁ࡢ
ᅽࢆ㌿ࡾ࠶࡛ࣉࣥࡿࢀࡉ㸪TP5 ࡣࣈ࣮࢝ࡢ TP4

㸪TP4-TP5ࡋࡋ㸬ࡿ࠸࡚ࡗ࡞㏫ࡀᴟᛶ 㛫࡛ࡣ㸪
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ṧᕪࢺࢵࣛࣇࡢ㡿ᇦࡽࡇࡿ࠶ࡀࣞࢬ㸪ࣇ࢜
㸬ISOࡿ࠼ぢ࠺ࡼࡿ࠶ࡀせᅉࡍࡽࡓࡶࢆࢺࢵࢭ ࡛
㸪ࡽࡇࡿࢀࡽ࠼⪄ࡿ࠶ࡀ㠀┤⥺ᛶࡢ㸪ୖ㏙ࡣ
TP5 ࣞࡢࢀࡎ࠸㸬ࡿ࠸࡚࠼ࢆࣞࢬࡽࡉฟຊࡢ
㸪ᅗࡶ࡚࠸࠾ࢪࣥ ࡢ7 ISOฟຊࡢṧᕪྜ࡛ぢࡽ
㸪TP4ࡣࡁࡘࡽࡤࡿࢀ ࡽぢ࡛ࡉࡁࡌྠ࡛ࡍࡽ
㸪DCCTࡽࡇࡿ࠸࡚ࢀ ࡶࡢᅇ㊰ࢡࢵࣂࢻ࣮ࣇ
 㸪ࡀࡽࢀࡇ㸬ࡿࢀࡽ࠼⪄ࡿ࠶࡛ࡀࡁࡘࡽࡤࡘ
ᐃࡢࡽࢱ࣮ࢹ⪃ᐹ࡛ࡀࡿ࠶㸪ࡿ࡞ࡽࡉ⢭ᗘࡢ㏣ཬ
㸪ᚋࡵࡓࡢ DCCT ᅇ㊰ෆࢆヲ⣽ㄪࡿணᐃ࡛
 㸬ࡿ࠶

 ṇᰯࡢࢨ࣐࣮ࣛࣀ .5

㸪DCCTࡣࢨ࣐࣮ࣛࣀ ฎ⌮ᅇ㊰ࡢᚋẁ᥋⥆ࡉ
㸬ࡿ࠶ᅇ㊰࡛ࡿࡍኚ࿘ᅇ⢏Ꮚᩘࡽ㸪࿘ᅇ㟁ὶࢀ
࿘ᅇ㟁ὶࡣ㸪࿘ᅇ⢏Ꮚᩘ࿘ᅇ࿘Ἴᩘࡿ࠶࡛✚ࡢ
࿘ᅇ࿘Ἴᩘ࡛࿘ᅇ㟁ࡣ࡚࠸࠾ࢨ࣐࣮ࣛࣀ㸪࡛ࡢ
ὶࢆ㝖⟬ࡿࡍ㸬㝖⟬㒊ࡣ㸪rf ࿘Ἴᩘࢆධຊ࣮ࣁࡋ
ᩘࢡࢵࢽࣔ 9 ࡛㏴ಸ࡚ࡋ⏝ࡿ࠸࡚ࡋ㸬ᮏ ᐃ࡛ࡣ㸪
MR ࡢ࡛ GeV 30࣮ࢠࣝࢿ࢚᭱ࡢ rf ࿘Ἴᩘ 1.71 

MHz ࢆ CW ධຊࡓࡋሙྜࡢධฟຊ≉ᛶࢆ DCCT ฎ
⌮ᅇ㊰᥋⥆ࡓࡋ≧ែ࡛ ᐃࡓࡋ㸬ධຊ㟁ὶฟຊ
㟁ᅽࡢ┦㛵ࢆᅗ 9(a)㸪୍ḟ㛵ᩘ࡛ࡓࡋࢺࢵࣇ
ሙྜࡢṧᕪྠࢆ(b)ࡍ♧㸬 

 

ᅗ ࡓࡋࢺࢵࣇ㸪ᛶ(a)⥺┤ࡢࢨ࣐࣮ࣛࣀ .9
୍ḟ㛵ᩘ࡛ࡢṧᕪ(b)㸬 

ᅗ(b)࠺ࡼࡿࢃࡽ㸪୍ࡓࡋࢺࢵࣇḟ㛵ᩘࡢ
ṧᕪࡣィ ☜ᗘ 1e-4 ௨ෆ࡛㸪 ᐃ⠊ᅖ࡛ࣟࢮ㏆
㎶ศᕸࡿ࠸࡚ࡋ㸬ᴟ࡚ࡵⰋ࠸┤⥺ᛶࢆ᭷ࡿ࠸࡚ࡋ
 㸬ࡓࡗࢃࡀࡇ

 ࡵࡲ .6

2 ࡣࡓࡲ 3 ࡢྎ DMM ࡿ࡞‽ィ ࡛㸪ᇶྠࡢ
DMM ಖドࡢṇ☜ᗘᰯ࣮࢝㸪࣓࣮ࡀ೫ᕪ࡚ࡢࡽ
⠊ᅖࢆࡇࡿ࠶☜ㄆࡋ㸪࡚࠸⏝ࢆ್ࡢࡇ㸪DCCT

ࡢ DC 㟁ὶ࡛ᰯࡢṇࡓࡗ⾜ࢆ㸬ࡢࡑ☜ᗘࡣ㸪5e-4 ௨
ෆ࡛ࡓࡗ࠶㸬DCCT ฎ⌮ᅇ㊰ࡣ㸪ᐇ⏝⠊ᅖ࡛ࡣ㸪2A

⠊ᅖ㸪20Aࡢ%0.01±ࡣ࡛ࢪࣥࣞ ±㸪ࡣ࡛ࢪࣥࣞ
ࢃࡀࡇࡘᣢࢆᗘ☜ࡓࡵྵࢆ⌧ᛶ⠊ᅖࡢ0.1%
㸪ࡣࡵࡓࡍ♧ࢆᗘ☜ࡢ್࡞⢭ᐦ࡞࠺ࡼࡢࡇ㸬ࡓࡗ
ࡓ࠸ࡁࡀṧᕪࡣ࡛⥺┤ࡶ࡚࠸࠾ࢪࣥࣞࡢࢀࡎ࠸
ࡤ࠼㸪ࡵ 9 ḟࡢ࡞ከ㡯ᘧ࡛⾲⌧ࡿࡍᚲせ࠶ࡀ
㸪ධຊࡣ࡛ࢨ࣐࣮ࣛࣀ㸪ࡓࡲ㸬ࡓࡗࢃࡀࡇࡿ
᭱ࡢᵝ⠊ᅖࡢ 10V ࡵ㸪ᴟ࡚࠸࠾⠊ᅖࡢ࡛ࡲ
ṧᕪࡢࡽ⥺┤ࡓࡋࢺࢵࣇ㸪ࡕࡶࢆᛶ⥺┤࠸ࡼ࡚
ࡿ࠶ಖド☜ᗘ࡛ࡢ㸪DMMࡣ 5e-4௨ୗ࡛ࡓࡗ࠶㸬 

ᚋࡢணᐃࢆḟ㏙ࡿ㸬(1)DCCT 㸪ࡣ࡚࠸ࡘ
20kHz ࡢ࡛ࡲ AC 㡿ᇦᰯࡢṇ࠺⾜ࢆ㸬 ሙྜࡢࡇ 
DMM ࡢ AC 㸬(2)  ᗘࡿ࡞㸪0.1%⛬ᗘࡣᗘ☜ࡢ
౫Ꮡᛶ࡚࠸ࡘ㸪DCCT ࡢᐇ㝿ࢆᗘ ࡢࢻࢵ࣊
145kW ࡢ㐠㌿ࡢ࣒࣮ࣅ 45Υ⛬ᗘ࡛ࡲኚࡓࡏࡉ
ሙྜࡢ࡚࠸ࡘධฟຊ≉ᛶࢆ ᐃࡿࡍ㸬(3)࡛ࡲࢀࡇ
ࡼࡿ࠶Ⰻዲ࡛ࡰࡣ㸪⌧ᛶ࠸⾜ࢆ ィࡢᅇᩘࡶ
ࣟࡿࡼ ィື⮬ࡢ㸪୍㐌㛫⛬ᗘࡀࡿ࠸࡚࠼ぢ࠺
㸬ࡿࡍホ౯ⓗ⤊᭱ࢆ㸪ᰯṇ್࠸⾜ࢆࢺࢫࢸࣥࣛࢢࣥ
(4)㟁ὶ್㸪⢏Ꮚᩘࡢ㐠⏝ࡣ࡚࠸ࡘ㸪┤⥺ࡶࡾࡼḟ
ᑡࡀ㸪ṧᕪ࡛ࡢࡿࢀࡽ࠼⪄ࡿ࡞ከ㡯ᘧ࠸㧗ࡢᩘ
 㸬(5)ࡿࡍ♧ᥦࢆᘧ࠸పࡢḟᩘࡅࡔࡿࡁ࡛ࡘࡃ࡞

ᰯṇ࣒ࢸࢫࢩ⮬㌟ࢆ⌧ᛶࡃࡼ㐠⏝ࡵࡓࡿࡍ㸪
DCCT  ࠼᭰ࡾษࡢ㸪ᰯṇࡳ㎸ࡳ⤌࣒ࢸࢫࢩ
ᐃ࠺⾜࡛ࢺ࣮ࣔࣜࢆ㸬(6)⤯ᑐ☜ᗘ ࣕࢩ⢭ᐦࡢ0.01%
ࡓࡋ⏝ᅇホ౯ࡢᢠࢺࣥ DMM 㟁ὶ ᐃ⢭ࡢ
ᗘࡢẚ㍑࠸⾜ࢆ㸪㟁ὶ್☜ᗘࡢಙ㢗ᗘࢆ☜ㄆࡿࡍ㸬
ࡢ㛫Ἴᙧࡢ⢏Ꮚᩘ࣒࣮ࣅࡢᚋẁࢨ࣐࣮ࣛࣀ(7)
ADC (Yokogawa WE7272 )ࡓࡵྵࢆ࡛ࡲ DCCTฎ⌮
 㸬࠺⾜ࢆṇᰯࡢ࡚ࡋయ࣒ࢸࢫࢩ
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