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� SuperKEKB[1]õ�|n]hN 8�1035 cm-2s-1JǯǬ®0

")ÌȎñ/�³�ñ KEKB5 40­5�|n]hNJƥń

".Ģǯ!H)�SuperKEKBõĴ2015G 2hķ6hò 7 GeV

ôÆ7ġıĦð 4 GeVôÃÆ7ġıĦòþā Phase-1¸±[2]ă

�ÙĴġıĦg�Äk�°
=Æ��ĐĒĚĦ(QCSĵ)�4ô

�µ+r+ô¸±®\ă�ìêÕ2018G 3hÝÿõ QCSă�

³Ąë Phase-2 ¸±[3]ăÁ6äĴġıĦ �0�µ+ðäîô

2i�ñR�ă�«äêÕQCSõĴġıĦďĆēă �|ï 50

ĝĞħıėùï�Ā³ú°
=Æ��ĐĒĚĦïĴ©§�|n

]hNJČƚ$G)A5B+0BȘǨ2Ǥǔ/�G�Î
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¸±ăÁ6ä 2010 G 6 hòĐĨęěĘćİæāùï�µ+ðä

îôR�ăÍûā��ă�áê�lĴéô�|n]hNõ��

gÍăf_ä�áêÕâô KEKB ôR�ă°Ûā�µ+ôn

¨Þ6ùìêôõ 2001 GïĴġıĦg�ÄkĐĒĚĦõ

KEKB ô �|r+ô©§ăĤıĒò·ûÿĂêÕ°
= 4

oÆ��ô R&Dr[4]ü£�ãĂêÞĴ 1×1036 cm-2s-1�w�

5�|n]hNJȓĸ$G)A3 2009GòĆėĬąô SuperB

čĭıĢÞYmæāÖNano-beam colliding scheme×[5]ăX�
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ĆİĬİčò Phase-1¸±Nò�³ùĂê QCS ĐĒĚĦòíÙ

îĴ°
=Æ��©§ð£�ĴI©dô,ÅĴx4ðô�� 

�òíÙî´øāÕ 

 

2� %)'&($#$" �<@=��������� 

2.1 �	�� 
KEKB LguX��k5)A5r�}ŞǉȧťƞȂ ē

4ŲȫưƬ5ǯǬ6Ȼ2002Ġ�E KEKB0ê#]_h}Ŵ

ĸJ²3ýţƤ2ŰǭJĆA)�Ħś5Űǭ�/5ȀœJ

õ 1 3Ʊ")� 5]_h}/6Ȼ¹ĩ5ą�2Ȃ ē 4

ŲȫưƬ5yL�¹JȍȒ$Gȫć�ȥȫćr�}Jȧť

                                                             
ȼ Quadrupole magnet for Collision in Superconductivity 

"Ȼ30mrad5�ĚǪ/Ǣƻ!&GǯǬ/�+)� 5)AȻ

ưƬyL�¹ĩ6�180 mm/ȻǢƻƔ(Interaction Point; IP)

3DFȊ�¡ǔ3ǯǔ"ȻİǨ0$GƷÀ 4ŲưþBKEKB

DF 1.65­ĥ�ǯǬ02+.�)� 5 4ŲưƬ6 6Ė5

Ȃ ē[N��EŴĸ!H.�FȻưƬ5ÏưȫƇ®J�

�G 0/v�O}(He)¼½Ÿ]_h}:5Ɩǽǝ5ĨȰ

B KEKB0<=ê#Ŧ�02GD�3ǯǬ!H)�]_h

}JŴĸ$GȂ ēȫưƬ5ǐő6 10æ/�+)� 5Ȃ

 ē 4ŲȫưƬ5 R&DŸȸõ 2ȹ�Ǧ¤!H�Ïư�ưþ

ǳȵBǠIH)� 
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- 2Î KEKBąęĢčĮıĜ�òÁ�ãĂê R&D°
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ÖNano-beam colliding scheme×3đıåǘ2Ȃ ē 4Ųȫ

ưƬ5ǯǬJȟĆ")56 2009Ġ 4ş�E/�G� 5 4  
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- 5Î Î °
= 4oÆ��^ÇK}Î
 

3áǆ!H.�G�è 4ŲȫưƬ6Ȼ4ɀ5æ5ǥżưƬJ

ưƬ¹ƿ�G�6ăíȖ3Ń+.�G��

 
2.3 ��� ! ���� 

Ȃ ē 4 ŲȫưƬ5ǯǬq�~�d0ưƬŔȮõJǣ 1

0õ 53Ʊ")�Ȃ ē 4ŲȫưƬ6ȻNbTi (lRtfd�) 

RutherfordüȂ ēY�t�/¤EH) 2Ė[N�/Ŵĸ!

H.�G�4 dNu5Ȃ ēȫưƬ6ȻȍȒ$Gr�}ħ

Ƙ5Ȕ��ÿ�ñā^Ç©§ðñìîÙāÕQC1LP/RP ð

QC1LE/RE[10]õĴ9��3ÀÞ 400 mm ��ô>0��ï

ØāÞĴKEKBô 3���ôJãô�3�¼ă�~æā��ð

äî©§ãĂêÕQC1LP/RPõ�uĪıČăVêñÙÕâô��

ô�ÂòÜÙî¢�ĖĮĞĆĜĲESL, ESR1ĳÞBelle-IIĖĮĞĆĜ

�3ă���òċĨİĔĭæāÕéô�lĴQC1LP/RP òõ�

�i
Þ�~æā�3òĴBelle-IIĖĮĞĆĜ�3ð¢�ĖĮĞĆ

Ĝ�3ô'T�3Þ"�ãĂāâðòñāÕQC1LP/RP °
=

ĎĆĭ�ïôgÍ�3õĴ4.1Î T ò¹æāÕQC1LE/RE òõ�

uĪıČ(ĠıħİđĩıĭĶ)ÞĒĚİĮĒ(SUS)Ċīı4)»ò

$�áÿĂîÙāÕSUSĊīıõÑo���ï�~æāÆ�Q

�ò;æāZVq¶ïØāÕâôÉ1õĴBelle-II ĖĮĞĆĜ�

                                                             
Ƚț�5[p�jìŠƙ(ȘșǊĸ)= 49±0.5%, Ms =2.30 T 

3ð¢�ĖĮĞĆĜô'T�3ÞpóĕįðñāþÚò�3©§

ãĂîÙāÕùêĪıČôj¯òíÙîĴ§�Ġīħıėð9r

ðô£�¬Căn¨äĴ¿þĀüË*�3(Ms)ôÍÙĠıħİ

đĩıĭðäêÕâôj]ôºUòþĀĴĖĮĞĆĜ�3ò½�ã

Ăā QC1LE/RE ô�3òþā�uĪıČôË*}Să²yäĴ

LER ġıĦīĆİ÷ô{Ă�3ăġıĦ¸±òLÈôñÙĮ

Ĥĭùï�yäîÙāÕ- 6òõ QC1LP ð QC1RP�ò£�ã

Ăê°
=ĎĆĭăĴ- 7 òõ QC1LE ă�äêÕQC1LE ô�

�òõĴ°
=¢s�� 4%Þaò�³ùĂîÙāÕÎ

QC2P #ö QC2E[11]õĴQC1P ð QC1E òtøāð��ĥ

ąıMÞ5ßàĴ¤wãĂā 4o�3JHü>ãÙÕ°
=ĎĆ

ĭ�ïôgÍ�3õ QC2LP/RPÞ 2.14 TĴQC2LE/REõ 2.25 Î

ǣ 1 Ȃ ē 4ŲȫưƬ5ǯǬq�~�d 
Magnet G 

T/m 
Leff 
m 

Int. G 
T 

Yoke Position 
mm 

QC2RE 32.41 0.419 13.6 Iron 2925 
QC2RP 26.28 0.410 11.6 Perm. 1925 
QC1RE 70.89 0.373 26.4 Perm. 1410 
QC1RP 68.89 0.334 23.0 None 935 
QC1LP 68.94 0.334 23.0 None -935 
QC1LE 72.21 0.373 26.9 Perm. -1410 
QC2LP 28.44 0.410 11.5 Perm. -1925 
QC2LE 28.44 0.537 15.3 Iron -2700 

G = Field gradientȻLeff = Effective magnetic lengthȻInt. G = Integral 
field gradientȻPerm.= PermendurȻPosition = Position from IP. 
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- 3Î SuCerKEKB ġıĦ �|p�-Î

 

 

- 4Î Î ġıĦg�Äk�°
=Æ��ĐĒĚĦÎ

Î

ŲȫưƬ5ǯǬ36ȻÜ"� 2 ,5ǯǬŦ��ǹ&EH.

�)� HE6Ȼ 
1) Belle-IIŰ¿ñ[6]5ĢǯJȐAG)AȻŰ¿ñ0ÌȎñ

5ĀƠŦ�6 KEKB0¶�ê#0$GȻ 
2) Ȃ ē 4ŲȫưƬ6åǘ2ȣF IP3Ȋ-�GȻ 

/�+)� 5Ŧ�6ȻǇǃćŰ¿ñ05ƺȠƤ2ĀƠŦ

�6 KEKB 0ê#/ȻĦś�ƠŞȶ5�|n]hNJǮȜ

".�)KEKBDF 40­ȶ�ĴǘJB,ÌȎñJǯǬ$G

 0Jĵî".�)[7,8]� 5Ŧ�/ǯǬ!H)SuCerKEKB

r�}ǢƻƔ5ÌȎñŸñ0 Belle-II Ű¿ñȸƂğŔȮõȹ

5ųơõJõ33Ʊ$�r�}ŞǉȧťƞȂ ēȫưƬ6Ȼ

IP JŅK/ 2 æ5W�NR_dgj3Ǌȉ>H.�G[9]�

 5 �æ5W�NR_dgj6ȻBelle-IIŰ¿ñ¹3ǯǔ!

HG 0�EȻŰ¿ñƞȂ ēc�nNk(Belle-IIc�nN

k)5ƣƝ$G 1.5 T5ưþ�/ QCS6Ïư!HG�W�N

R_dgj36čƍ5r�}qNu�Ǌȉ>HȻ 5qN

u5 ��¯6ȻS-�/PI/ELŰ¿ñ�â��EH) IPfP�

p�0ŉǏ!HȻà IP¯6ÌȎñr�}qNu0ŉǏ!H

.�G�õ � 3Ʊ$D�3ȻW�NR_dgjĪŕ5ÌȎ
ñr�}qNu36ĝ ēȫưƬ�ȗǔ!HȻ�Ȗ5ĝ 

ēȫưƬ6W�NR_dgjJà IP¯/ŏŃ$GƴÑūæ

�3ǄĐ3ǯǔ!H.�G�W�NR_dgj¹5Ȃ ē

ȫưƬ5ŴĸJõ 4 3Ʊ")�ȥȫćr�}0ȫćr�}

6ȻIP / 83mrad 5ą�2�ĚǪJŃ,�QCS ]_h}6

ǐő 55æ5ưƬ�EŴĸ!HȻ2æ5W�NR_dgj3

ÀÊ�áǆ!H.�G�Ȃ ēȫưƬ5¹ǰ6Ȼr�}Ş

ǉȧťƞȂ ē 4 ŲȫưƬ 8 æȻr�}ȑȆǺŒƞȂ ē

ǥżȫưƬ 43 æȻBelle-II c�nNkưþU��a�ƞȂ

 ēc�nNkȫưƬ4æ/�G�IPç¯5W�NR_dg

j(QCS-R)36ȻȂ ē 4ŲȫưƬ 4æȻȂ ēǥżȫưƬ

23æȻȂ ēc�nNk 3æ�Ǌȉ>HȻIPę¯5W�N

R_dgj(QCS-L)36ȻȂ ē 4ŲȫưƬ 4æȻȂ ēǥ

żȫưƬ 20æȻȂ ēc�nNk 1æ�Ǌȉ>H)�1æ

5W�NR_dgj¹36ȫć0ȥȫć5r�}�N�(�igh 

EnergK Ring(�ER)/ LoI EnergK Ring(LER))�'H(Hȗǔ!

H.�G�ȻȂ ēȫưƬ5ǯǬ�ȻLERƞȂ ē 4Ųȫ

ưƬ QC1LP0 QC1RPJ IP5ŞBȊ�¡ǔ3ȗǔ"Ȼ'5

Īŕ3 �ER ƞ QC1LE 0 QC1RE Jȗǔ$GŴĸ0")�

QC2LP ß8 QC2RP 6Ȼ�Ǯ QC1 Ȃ ēȫưƬ0ê# �e

Ďñ3Ǌȉ>HȻQC2LE 0 QC2RE 6'5Īŕ5 �e Ďñ 
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Magnet ESL ESR1 ESR2/3 

Integral field, Tm 2.31 3.69 0.17 
Operation current, A 390 450 151 
Inductance, H 2.5 8.0 0.14 
Max. field, T 3.4 3.2 0.48 
Magnet length, mm 905 1575 720 
No. of component coils 12 15 1 
Total turns 4610.1 6237.1 1356 
LR, % 52 51 11 

LR=load line ratio at 4.7 K 
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Integral field, Tm 2.31 3.69 0.17 
Operation current, A 390 450 151 
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Max. field, T 3.4 3.2 0.48 
Magnet length, mm 905 1575 720 
No. of component coils 12 15 1 
Total turns 4610.1 6237.1 1356 
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LR=load line ratio at 4.7 K 

 

Î

- 10Î Î ESR1¢�°
=ĖĮĞĆĜÆ��Î

Î

- 11Î ESL¢�°
=ĖĮĞĆĜÆ��Î
Î

¤ȫø 10 V /Ȃ ē[N�3ƇH.�GȫƇJeNR�

k3ÀƇ!&ȻȂ ē�Eĝ ē:Ȇƴ")ȖÀ5^��

�Ɩ3DGƍġ�řJ¢ƌ!&G�Î

3� � �������41�7= 

3.1 2>014679-��,�� 

Î 55 æ5Ȃ ēȫưƬ6 2 æ5W�NR_dgj3Ǌȉ>

H.�G�Ȼ 5ƘķJõ 125W�NR_dgjŔȮõ/

Ʊ")�õ 12 3Ʊ!H)�2ŴĸȖï6ȻȂ ēȫưƬȻ

ưƁ]��kȸq�~�^����G�6țȹȻd�X_h

�ȸWȹŐĒǑ]��kȻr�}qNuȻHeĎñȻƨƺĎ

ñ/�G�èW�NR_dgj5 IP¯�Er�}qNu3

QC1LP/RPȻQC1LE/REȻQC2LP/RP� 1,5 HeĎñ¹3Ǌ

ȉ>H�'5Īŕ5HeĎñ3QC2LE/RE�Ǌȉ>H.�G�

QCSL 5 IP ¯ He Ďñ3Ǌȉ>HGȂ ēȫưƬ5ǊƼȌ

�5ƘķJõ133Ʊ")�õ13/Ʊ!H)ȖÀ36ȻQC1LPȻ

QC1LEȻQC2LP 0 16 æ5Ȃ ēǥżưƬ�Ǌȉ>H.�

G� HE5Ȃ ēȫưƬ6ȻƧđƤ3żƯ2¡ǔ3ȗǔ

/�GD�3 SUS Ĺ�6ț5t�gW¹36Aȉ>HG�

Ǧ¤ś5èȖï5ǊƼǄġ6±20 �m�¹3á>GD�3Ǻ

Œ!H.�G�õ1436�Ȗt�gWJâ��ȻŜ3QC1RP

0 QC1RE�ȗǔ!H.�GȖÀ3 WŐĒǑ]��kJâ

��)Ƙķ5 QCS-R W�NR_dgj IP ¯Ȃ ēȫưƬ

JƱ")��

� �

 

 
- 12Î QCS-LÏ�Ðð QCS-RĲ�ĳČīĆĉĒėęěôvF^Ç-Î

 

- 13Î QCS-L IP�ģĬćĦ:+�°
=Æ����Î

 ���

+ ïØāÕQC2LE/RE õ�ò�uĪıČăVíÞĴâô��÷

ô �e??e-II ĖĮĞĆĜ�3ôLÈÞ>ãÙâðÝÿĪıČôj¯

õ¿ă��äîÙāÕ- 5ò�æþÚò QC2LE ð QC2REô°


= 4 oĎĆĭôK}õ(åëÞĴQC2RE òõĊīıðĪıČ

ôÂò°
=¢�ĖĮĞĆĜ ESR2Þ�³ùĂîÙāÕÎ

�
�.� ����
�� 
Ȃ ēǥżưƬ212�1336Ȼ"E"�5 QCS0êŵȻȂ ē

4 ŲȫưƬ¹ƿ3â��G 0JýţǯǬ0")�ǥżư

Ƭ6ǂ÷ �DBB>;4HeA÷ƼƭƹĻȸ�%Lȹ05·êƭƹ/ȟ

ƣ!HȻ�%L�Ń,Ɨžľǡ/�G �<De6F W<A7<A: $eF;B7�

2143Jƞ�.Ǧ¤")� 5ľǡ6ȻŉƩÉJǣȮ3ÿĜ"�

Î

- 6Î QC1LP°
= 4oÆ��ðQC1RP�°
=ĎĆĭÕ°
=ĎĆ
ĭBòØāôõĎĆĭă.8æā SUSĊīıïØāÕÎ

 
- �Î QC1LE °
= 4 oÆ��Õ4 o��õČīĆĉĒėęě��ò.
8ãĂĴ��¡Çòõ 4%ô°
=¢s��Þ$�áÿĂîÙāÕÎ

Î

- �Î QC1RP�¢s�� S>eI �<CB?e �41�ôD�A���%Lòî�Î

)Ȃ ēǑJȂȯƅ/ÌƖ"qNuǣȮ3ŉƩ$GB5/Ȼ

Ȃ ēǑ5¡ǔJżƯ3Çĭ$G 0�/�G�>)ȻƦ

ĩ� 0�35 mm 5ǈ�Ȃ ēǑJ¥ƞ$G 0�EÚ?� 1�

mm ��5Ȃ ē[N�JǦ¤$G 0�åǘ02FȻȂ

 ē 4ŲȫưƬ¹Ȗ3 3æ�E 4æ5Ȃ ēȫưƬJĖƘ

3Ǧ¤$G 0�åǘ02+)�õ �36Ȼ�%L/Ǧ¤�

5 QC1RPƞǥżưƬ S>eI �<CB?e �41��Ʊ!H.�G�q

NuǣȮ6ȫƁǎǒƞ5n�~gW_]�j/Sp�!HȻ

'5ǣȮ3Ȃ ēǑ�ŉƩ!HG�qNu6ȻHeĎñ¹ƿ

J¸4.�FȻ"E"�EŏǍ!H)B5/�G�»ƨç�

Ȗ3Ȃ ēǑ5Ĥ¿ä0Ȃȯƅ3DGÌƖȖ�Ʊ!H.�

G��

ǥżưƬ5Ÿǘ6Ȼr�}3đ$GȂ ē 	 ŲȫưƬ5
ưþ�į¡ǔ0 4 ŲưþȮ5Ǫġ5ǺŒJǠ��Ȼ6 Ųư

þß8 � Ųưþ3DFr�}�NsśȠJȝ�$G)A5

ǥżJǠ��>)ȻQC1LP/RP�E HERr�}�N�:ƒ

H.�GưþĸÀ5�*Ȼ6 Ųɀ12 ŲưþĸÀ3,�.6

ǥżưƬ3DFưþÀĜ'5B5JƈÝ$G� 
 

�.� �����5?;0: �
� õ 33Ʊ$D�3Ȼ�e??e-IIŰ¿ñ¹Ȗ36Ǣƻ/ƣƝ"

)ǃć5ȫǝß8ȑÑșJƎċ$G)A3¹ĩ 1�� mȻȝ!

3��1 m5Ȃ ēc�nNk�Ǌȉ>HȻ��
 �5c�nNk
ưþJƣƝ!&G�QCS]_h}6Ȼ 5ưþ�/Ïư!

HG� 5c�nNkưþ5r�}:5ĨȰJâFȤ�)

A3�e??e-IIc�nNkưþ5ë�0àđ5ë�JŃ,c�

nNkưþJƣƝ!&GȂ ēǥ±c�nNkȸESLȻESR1Ȼ

ESR2ȻESR3ȹ215�163�Ȃ ē 	ŲȫưƬ�ǥżưƬ5ăí
Ȗ3ǯǔ!H.�G� HE5Ȃ ēc�nNk�ƣƝ$

Gc�nNkưþÀĜJõ �3Ʊ")�õ�Ȼ�e??e-IIc�

nNkưƬ×£�ƣƝ$GưþÀĜJƔ0ČǑ/Ʊ"Ȼ¶

.5c�nNkưƬ�Ïư!H)þé5ưþÀĜJČǑ5

?/Ʊ")�X�sŷȇ5 1�06Ȼr�}ǢƻƔ¡ǔ/�

G�1�0�E±4 m5ÓȠ5ƷÀc�nNkưþ�è�b�

32GD�3ǥ±c�nNk6ǯǬ!H.�G�õ 10Ȼõ

1136Ǧ¤�Ċ�") ESR10 ESLJƱ")�ESR10 ESL

6Ȼ»ƨ/Ʊ$D�3r�}´Ĉ�İǨ0$GưþÀĜJ

ƣƝ!&G)A3Ȼȝļŕë3ƫ�ǧő5c�nNkưƬ

�EŴĸ!H.�G�>)Ȼȫć�ȥȫć5r�}�N�

� �3 mD47 5ǪġJŃ, 0�EȻèc�nNkưƬ5¹

ĩ6 IP�E5ȃȩ3ī+.ą��2+.�G�4æ5c�

nNkȫưƬ5q�~�dJǣ 23>0A)�ESR16ȻN

�eWd�_�ȑȆ� � H02FǟƷQm�V���10 >!��

ą��ȻWQ�fś5Ǘȫøđǀ0".Ɖ£ He�3¢ƍe

NR�kJ 6¬¥ƞ".�G�ESR1JŴĸ$G 15¬5c

�nNk6 6 ,5X��u3À�EHȻX��uƀ3¢ƍ

eNR�k��Â3ŉǏ!H.�G�WQ�fś36ȻÑ 

113



 ��	�

4ŲưƬ5ŔȮħƘJºǯǬ")�/ȻĦÃ6 QCS]_h

}:5ēµJŰǭ".�2�+)Ȃ ēǥż 6 ŲưƬJ

QCS-RW�NR_dgj¯3 6æǊȉK/�G� 
ưþƎċ	6ưƬǦ¤�5Ǝċ02G 0�EȻčƍ/

ǠIH)�Ǝċś5ȍȫȫƇ®� 2 AƵġ0ǯǬ®5 0.1 %

/�G)AȻƎċưþ�ȭĝ3Ĕ!�Ȼ>)íȈưþ5Ĩ

ȰJã�C$� 0�EȻu�L�uȺƷÀñȺpgU�

X[N�ưþƎċȺżǽ5ȍȫȫƇ®Ǝċ3DGăȖưþ

5ȤÝ5¾ƛJǠ+)�Ǝċǌũ0".ȻǦ¤ǷĚ3DF

ƣƝ$G 6ŲưþĸÀ�QC2LE�ă5 7æ5ưƬ3��.

2�10-4��ȻQC2LEB 5�10-4��/�G 0�Ưǵ/�Ȼ

ź5Ǧ¤ĘƵ3Ȑ@ 0�/�)��

Ȃ ē 4ŲưƬ0Ȃ ēǥżưƬJǊé&)ĪȻKEK3

.Ɖ£ He/¼Ù"ưþƎċ�JǠ+)� 5Ǝċǌũ�E

BǯǬȫƇ®/ 6 ŲưþĸÀ6ǥż 6 ŲưƬ/đı/�G

 0JƯǵ")��

Ȃ ē 4 ŲȫưƬ6ȻW�NR_dgj3Ǌȉ>HGÈ

3 4 Ųưþ�į¡ǔ0ưþȮ5Ǫġ�Ǝċ!HȻưƬ5ă

íȖ3ÌĘ!H)ýƐ{�W05Ƨđ¡ǔJƯċ$G� 

5{�WJý3ȻưƬJW�NR_dgj3Ǌȉ@� 5

ưþƎċ�6ȻQCS-L/6 �ŲưƬ3 AC 1.1 A (97.7Hz)J

ȍȫ"ȻȬŻ")d�^P�]�� 4 Ų[N�3DFǠ+

)� 5Ǝċ3D+.ȻòȆ")o��lgW[N�DF

ȶ�Ǆġ/ưþ�į¡ǔ�ưþȮǪġi�dJĬG 0�

/�)�QCS-R /6ȻSSW ƎċñJƞ�.ưþ�į¡ǔȻ

ưþȮǪġƎċJǠ+)� 
3.2.2� �Æ/ªÌ 
Ȃ ēȫưƬ�WQ�f")þéȻƪś3ưƬ0ȫƏJ

ȕŔ"ȻưƬ5Ń,ȫưQm�V�JưƬǚȅ5ƣƖ0ª

ǼòȄŁŀ5ƣƖ3DFƈǿ$G� 5)AȻưƬ36ƪ

ȠƤ3ȶ�ȫø�ØÌ!HG� 5WQ�fś5ǗȫøĴ

ǘJŰǱ$G)A3ȻȂ ēY�t�Ǧ¤ś�EǗȫøǳ

ȵ�ǬƟ!H)�QCS]_h}/BȻèưƬ3,�.Ǘȫ

øǳȵ6ǠIH)�ȻȂ ēǥ±c�nNk3,�.6ȭ

ĝ3ǜÐ"))AȻ�Ī5ÞǕ�¦0".ǸŚ$G�ǥ±

c�nNk ESL5Ǘȫøǳȵ6��5ļȳ/ǠIH)��

	� Ȃ ēY�t�Ǧ¤ś3ƺƁ�/DC 500 VǎǒŁŀƎ

ċȻǎǒƮāȫø AC 10 kV��JƯǵ��


� c�nNk[N�ěǑǉ�śȻƺƁ�3. DC 500 V/

ȫƁǎǒŁŀƎċ(2000 MΩ��JƯǵ)ȻAC 2 kVǗȫ

øǳȵ3.[N��ěŪȠ/Őȫ�ƕ� 0JƯǵ��

�� Ɖ£ He¼Ù/5 ESL×£Ïưǳȵ�(@ KEK) ś5¼Ù

ÈĪ/ƺƁ�3. DC 500 V/ȫƁǎǒŁŀƎċȻƺƁ

J HeT_/ǔŊĪȻčƍ/ DC 125 V5ȫƁǎǒŁŀ

ƎċȻAC 510 V/ǗȫøǳȵČŖ�ÏưǳȵĊ�ĪȻ

ESLJǳȵǤǔ�EÁFȩ"ƺƁ�DC 500 V/ȫƁǎ

ǒŁŀƎċȻAC 2 kVǗȫøĴǘƯǵ��

�� HeĎñ3ǊƼĪȻƺƁ�3. DC 500 V/ȫƁǎǒŁ

ŀƎċȻAC 2 kVǗȫøǳȵ�ƺƁ�/5ǳȵéŮĪȻ

ƺƁJHeT_/ǔŊ"DC 125 V/ȫƁǎǒŁŀƎċȻ

AC 510 V/ǗȫøǳȵČŖ��


� W�NR_dgj0\�r_W�NR_dgjŉǏĪȻ

ƺƁ�3. DC 500 V/ȫƁǎǒŁŀƎċȻAC 1.8 kV

/ǗȫøǳȵČŖ��

�� W�NR_dgjĊĸĪȻǦ¤Ęþ/5ŞǉȫƁǳȵ

0".ȻHe Ďñ¹ß8¼ÙƇȄ¹5ƺƁJ He T_/

ǔŊĪȻDC 125 V/ȫƁǎǒŁŀƎċȻAC 500 VǗȫ

øǳȵČŖ� 
�� KEK:ōµ(2015Ġ 12ş 25ŗ)�

� ESL 5�ȏ5Ǘȫøǳȵ5�/Ȼ
0�5ǳȵ/ȫƁǎ

ǒĴǘ5ÍÒ�ǩ,�+)�
5ǳȵ/6Ȼc�nNk[

N�JÀÊ".�GěŪs��^5Qg^3DFȂ ēY�

t�ȫƁǎǒ�Ō°Jã�.�G5�ǩ,�+)�ǎǒŤ

�Ō°")Ȃ ēY�t�6[N��Eâă"ȻǎǒŤ5

ǥ«JǠ+)��5ǳȵ6Ȼ¶.5Ȃ ēȫưƬȻW ŐĒ

Ǒ]��k� HeĎñ3Ǌȉ>HȻĎñ5Ƒŉ�Ċ�")Ī

3ǠIH)�ǌũ6ȻſĲ2�EƺƁ��HeT_�/Őȫ

�Ưǵ!H) 0�EȻHeĎñJÁŔ".Ȃ ēȫưƬJ

Ďñ�EĤ¿"ȻǎǒÍÒȖ5ǺŬJǠ� 032+)�

ǎǒÍÒ5Ûó6ȻWŐĒǑ]��kJ ESLc�nNkă

íȖ3â��)ś3QzU]/öċ")Ȃ ēY�t�0

WȖŤ�ĞƋ"ȻȫƁǎǒ3Ƹ�ȟ�) 03DGB5/

�+)� 5j�t�5ĮŘ3ǅ 2�şJǨ")�WŐĒ

Ǒ]��kJ ESL 3â��ś3ƺƁ�/5ǗȫøǳȵJ

Ǡ+.�H7Ȼ H<1_Y^���3ĨȰJ��G 0

6ƕ�+)��

� ȫƁǎǒ�Ǜ5ðȴ6 ESR1 /BÅ5ħ/ƣƝ"Ȼ�Ǜ

þĻ5Ɨċ5)A3 HeĎñ5ǫ£JǠ+)� 5þéBĮ

Ř3ǅ 1�şǨ".�G��

4� �"� �!�� ��� �����'6 �

4.1� QCS ČīĆĉĒėęěôġıĦīĆİģôW� 
2æ5W�NR_dgj5¹ȻIPę¯3ǯǔ!HGQCS-L

6 2015Ġ 12ş 25ŗ3 KEK3ǆï!HȻȂ ē¢ƍƨƺ

Čȵů/ 2016Ġ 2ş�E 6ş>/¼Ù�ÏưǳȵȻr�}

�N�/¥ƞ$GưþƎċǤǔ5ĴǘǳȵJ¸4) 20æ5

Ȃ ēȫưƬ5ưþƎċǠ+)�'5ĪȻ2016Ġ 8ş3ƾ

ƅČȵčr�}�N�3Ň��EH)�QCS-L W�NR_

dgj6Ȼú� 4Ȧ5 He¼½Ÿ0ú�Ȗ3ȗǔ!H)ȫƏ

3ŉǏ!HȻ2016Ġ 11şɀ12ş3 He¼½Ÿ3DG¼Ùǳ

ȵȻȂ ēȫưƬ5ȍȫǳȵß8ȫƏǺŒJǠ+)�QCS-R

W�NR_dgj6Ȼ2017Ġ 2ş 13ŗ3KEK3ǆï!HȻ

Ħŗr�}�N�3Ň��EH)�W�NR_dgj0 He

¼½Ÿ05ŉǏĘ�6 2017 Ġ 3 şŢ>/3Ċ�")�õÎ

 ���

 
- 14Î QCS-R IP�°
=Æ��Ĳ��.8�¾?Ċğıð�@W[

<�ĐıĭĜ$�áNĳÎ

Î Î

- 15Î QCS-R IP�°
=Æ��ð ESR1ô�'èÏB-Ðð ESR14)
»òW[<�ĐıĭĜă$�áê}SĲ&-ĳÎ

�

õ 143Ʊ!H)ȫưƬ6ȻưþƎċ3DF 4Ųưþ�į¡

ǔJƎċĪȻǦ¤�Ʋ3ĺ". ESR1 c�nNk¹ƿ3ņ

µ�öċ"ȻŜ3'5ăíȖ3WŐĒǑ]��kJǊ��

)� 5ŵćJõ 15 3Ʊ")�W ŐĒǑ]��kJƉ£

He ƍġ/¥ƞ$G56 KEK /BÃA.5ǳ?/ȻnN`

ƣƝƏ5ƦȊ3]��kJâ��G 03DFBelle-IIŰ¿

ñ:5pgWX��knN`5¢ƌ3ą�3ď�".�G��

Ȃ ēȫưƬ0 W ŐĒǑ]��k6ǊƼĊ�ĪȻHe Ď

ñ¹3ĐȞ!HȻ¼ÙȗǁJƑŉ")ĪȻ8 ţ5fd�é

Ț5�gk/W�NR_dgjƨƺŶ¹3ªŃ!HG�He

ĎñăíȖ36ȻL�N~�jƞ5d�Zgj�ÌĘ!H

.�FȻ 5d�ZgjJƞ�.W�NR_dgjăíȖ

5L�N~�jd�Zgj05Ƨđ¡ǔJƎċ"ȻưƬJ

ǯǬ¡ǔ3öċ$G�õ 163W�NR_dgj¯5¶.5

ǊƼ�Ċ�"ȻŏŃūæ3â��EH) QCS-RJƱ")��

Î

- 16Î QCS-R ČīĆĉĒėęěĲ£�	�A3�ïô��ÊeĳÎ
Î

3.2� �����*/2>014679��.+-�� 
Ȃ ēȫưƬ5Ǧ¤�W�NR_dgj5ǊƼ3��.

ŞBƆĵJĽ+)56ȻưƬ5ưþĴǘ0ǗȫøĴǘ/�

G���3 HE5Ĵǘǳȵ3,�.ȋ;G� 
3.2.1� �3z8 

QCSȂ ēȫưƬ5r�}�N�/¤GưþÀĜ�r�

}´Ĉ�EǨƃ!HGÀĜJżƯ3ºƚ/�GD�3ȻȂ

 ēȫưƬ5ưþ6ȻĘþ¹/5[N�Ǧ¤ś�EƎċ"Ȼ

'5Ĵǘǲ¨�ǠIH)��

��3Ȃ ē 4ŲȫưƬ5ưþƎċu�a_JƱ$��

	� 4¬5Ȃ ē[N�JSUSS��/�ŲưƬ3ǊƼĪȻ

Ǧ¤Ęþ¹/o��lgW[N�3DGưþƎċȸč

ƍȹ[17]��


� Ȃ ēǥżưƬ0Ȃ ē 4ŲưƬJǊé&ĪȻèưþ

Ȯ5ƧđǪġ¡ǔƎċ5)A3o��lgW[N�3

DGưþƎċȸčƍȹ��

�� ưƁ��Wâ��ĪȻKEK5ǓüW�NR_dgj/

4 K3¼Ù�ÏưĴǘJƯǵĪȻȑȆȫƇ/o��lg

W[N�3DGưþƎċ[17,18]��

�� W�NR_dgj¹/5ưƬ¡ǔ5L�N~�j5)

A3Ȼ4ŲưƬ5ưþ�į�ưþȮǪġƎċ�õ 14���


� Ȃ ēc�nNkJǊé&ȸõ 15ȹȻKEK 3.ǓüW

�NR_dgj3ǯǔȻƉ£ He¼ÙĪȻo��lgW

[N�/ưþƎċ��

�� W�NR_dgjĊĸĪȻQCS-L 3,�.6ú�ȖČ

ȵč3.r�}�N�ưþƎċƞ3Ǧ¤")o��lg

W[N�ȻSingle Stretched Wire (SSW)Ǥǔ[19]Jƞ�.

ưþƎċ�SSWǤǔ6ǂ÷sP�|÷ƼÌȎñƭƹĻ

(FNAL)0·êȟƣ")B5/ȻǦ¤3ǅ 3ĠȠJǨ"

)�ǳȵ�/6Ȼr�}�N�/¥ƞ$GƎċñ5Ĵ

ǘƯǵȻQCS-R W�NR_dgjǊƼ¤ű:5sM�

kpgWȲƥ5ŞǉƯǵBǠ+)��

� ưƬǦ¤ś3Ɔƥ")ȶź5Q��ưþ6 6 ŲĸÀ/�

G�QC1P0 QC1E5u�jdNuŸ5Ǧ¤ś3Ȼ4ŲưƬ

5Ǧ¤ǷĚ�E 6ŲưþĸÀ� 4Ųưþ5 0.1ȷƵġì>H

G 0�ÄŚ")[20]�6Ųưþ6r�}�NsśȠJĳƓ

3ƌĕ!&G�u�jdNuŸ5ȟƣǌũJB03¶.5

114



 ��	�

4ŲưƬ5ŔȮħƘJºǯǬ")�/ȻĦÃ6 QCS]_h

}:5ēµJŰǭ".�2�+)Ȃ ēǥż 6 ŲưƬJ

QCS-RW�NR_dgj¯3 6æǊȉK/�G� 
ưþƎċ	6ưƬǦ¤�5Ǝċ02G 0�EȻčƍ/

ǠIH)�Ǝċś5ȍȫȫƇ®� 2 AƵġ0ǯǬ®5 0.1 %

/�G)AȻƎċưþ�ȭĝ3Ĕ!�Ȼ>)íȈưþ5Ĩ

ȰJã�C$� 0�EȻu�L�uȺƷÀñȺpgU�

X[N�ưþƎċȺżǽ5ȍȫȫƇ®Ǝċ3DGăȖưþ

5ȤÝ5¾ƛJǠ+)�Ǝċǌũ0".ȻǦ¤ǷĚ3DF

ƣƝ$G 6ŲưþĸÀ�QC2LE�ă5 7æ5ưƬ3��.

2�10-4��ȻQC2LEB 5�10-4��/�G 0�Ưǵ/�Ȼ

ź5Ǧ¤ĘƵ3Ȑ@ 0�/�)��

Ȃ ē 4ŲưƬ0Ȃ ēǥżưƬJǊé&)ĪȻKEK3

.Ɖ£ He/¼Ù"ưþƎċ�JǠ+)� 5Ǝċǌũ�E

BǯǬȫƇ®/ 6 ŲưþĸÀ6ǥż 6 ŲưƬ/đı/�G

 0JƯǵ")��

Ȃ ē 4 ŲȫưƬ6ȻW�NR_dgj3Ǌȉ>HGÈ

3 4 Ųưþ�į¡ǔ0ưþȮ5Ǫġ�Ǝċ!HȻưƬ5ă

íȖ3ÌĘ!H)ýƐ{�W05Ƨđ¡ǔJƯċ$G� 

5{�WJý3ȻưƬJW�NR_dgj3Ǌȉ@� 5

ưþƎċ�6ȻQCS-L/6 �ŲưƬ3 AC 1.1 A (97.7Hz)J

ȍȫ"ȻȬŻ")d�^P�]�� 4 Ų[N�3DFǠ+

)� 5Ǝċ3D+.ȻòȆ")o��lgW[N�DF

ȶ�Ǆġ/ưþ�į¡ǔ�ưþȮǪġi�dJĬG 0�

/�)�QCS-R /6ȻSSW ƎċñJƞ�.ưþ�į¡ǔȻ

ưþȮǪġƎċJǠ+)� 
3.2.2� �Æ/ªÌ 
Ȃ ēȫưƬ�WQ�f")þéȻƪś3ưƬ0ȫƏJ

ȕŔ"ȻưƬ5Ń,ȫưQm�V�JưƬǚȅ5ƣƖ0ª

ǼòȄŁŀ5ƣƖ3DFƈǿ$G� 5)AȻưƬ36ƪ

ȠƤ3ȶ�ȫø�ØÌ!HG� 5WQ�fś5ǗȫøĴ

ǘJŰǱ$G)A3ȻȂ ēY�t�Ǧ¤ś�EǗȫøǳ

ȵ�ǬƟ!H)�QCS]_h}/BȻèưƬ3,�.Ǘȫ

øǳȵ6ǠIH)�ȻȂ ēǥ±c�nNk3,�.6ȭ

ĝ3ǜÐ"))AȻ�Ī5ÞǕ�¦0".ǸŚ$G�ǥ±

c�nNk ESL5Ǘȫøǳȵ6��5ļȳ/ǠIH)��

	� Ȃ ēY�t�Ǧ¤ś3ƺƁ�/DC 500 VǎǒŁŀƎ

ċȻǎǒƮāȫø AC 10 kV��JƯǵ��


� c�nNk[N�ěǑǉ�śȻƺƁ�3. DC 500 V/

ȫƁǎǒŁŀƎċ(2000 MΩ��JƯǵ)ȻAC 2 kVǗȫ

øǳȵ3.[N��ěŪȠ/Őȫ�ƕ� 0JƯǵ��

�� Ɖ£ He¼Ù/5 ESL×£Ïưǳȵ�(@ KEK) ś5¼Ù

ÈĪ/ƺƁ�3. DC 500 V/ȫƁǎǒŁŀƎċȻƺƁ

J HeT_/ǔŊĪȻčƍ/ DC 125 V5ȫƁǎǒŁŀ

ƎċȻAC 510 V/ǗȫøǳȵČŖ�ÏưǳȵĊ�ĪȻ

ESLJǳȵǤǔ�EÁFȩ"ƺƁ�DC 500 V/ȫƁǎ

ǒŁŀƎċȻAC 2 kVǗȫøĴǘƯǵ��

�� HeĎñ3ǊƼĪȻƺƁ�3. DC 500 V/ȫƁǎǒŁ

ŀƎċȻAC 2 kVǗȫøǳȵ�ƺƁ�/5ǳȵéŮĪȻ

ƺƁJHeT_/ǔŊ"DC 125 V/ȫƁǎǒŁŀƎċȻ

AC 510 V/ǗȫøǳȵČŖ��


� W�NR_dgj0\�r_W�NR_dgjŉǏĪȻ

ƺƁ�3. DC 500 V/ȫƁǎǒŁŀƎċȻAC 1.8 kV

/ǗȫøǳȵČŖ��

�� W�NR_dgjĊĸĪȻǦ¤Ęþ/5ŞǉȫƁǳȵ

0".ȻHe Ďñ¹ß8¼ÙƇȄ¹5ƺƁJ He T_/

ǔŊĪȻDC 125 V/ȫƁǎǒŁŀƎċȻAC 500 VǗȫ

øǳȵČŖ� 
�� KEK:ōµ(2015Ġ 12ş 25ŗ)�

� ESL 5�ȏ5Ǘȫøǳȵ5�/Ȼ
0�5ǳȵ/ȫƁǎ

ǒĴǘ5ÍÒ�ǩ,�+)�
5ǳȵ/6Ȼc�nNk[

N�JÀÊ".�GěŪs��^5Qg^3DFȂ ēY�

t�ȫƁǎǒ�Ō°Jã�.�G5�ǩ,�+)�ǎǒŤ

�Ō°")Ȃ ēY�t�6[N��Eâă"ȻǎǒŤ5

ǥ«JǠ+)��5ǳȵ6Ȼ¶.5Ȃ ēȫưƬȻWŐĒ

Ǒ]��k� HeĎñ3Ǌȉ>HȻĎñ5Ƒŉ�Ċ�")Ī

3ǠIH)�ǌũ6ȻſĲ2�EƺƁ��HeT_�/Őȫ

�Ưǵ!H) 0�EȻHeĎñJÁŔ".Ȃ ēȫưƬJ

Ďñ�EĤ¿"ȻǎǒÍÒȖ5ǺŬJǠ� 032+)�

ǎǒÍÒ5Ûó6ȻWŐĒǑ]��kJ ESLc�nNkă

íȖ3â��)ś3QzU]/öċ")Ȃ ēY�t�0

WȖŤ�ĞƋ"ȻȫƁǎǒ3Ƹ�ȟ�) 03DGB5/

�+)� 5j�t�5ĮŘ3ǅ 2�şJǨ")�WŐĒ

Ǒ]��kJ ESL 3â��ś3ƺƁ�/5ǗȫøǳȵJ

Ǡ+.�H7Ȼ H<1_Y^���3ĨȰJ��G 0

6ƕ�+)��

� ȫƁǎǒ�Ǜ5ðȴ6 ESR1 /BÅ5ħ/ƣƝ"Ȼ�Ǜ

þĻ5Ɨċ5)A3 HeĎñ5ǫ£JǠ+)� 5þéBĮ

Ř3ǅ 1�şǨ".�G��

4� �"� �!�� ��� �����'6 �

4.1� QCS ČīĆĉĒėęěôġıĦīĆİģôW� 
2æ5W�NR_dgj5¹ȻIPę¯3ǯǔ!HGQCS-L

6 2015Ġ 12ş 25ŗ3 KEK3ǆï!HȻȂ ē¢ƍƨƺ

Čȵů/ 2016Ġ 2ş�E 6ş>/¼Ù�ÏưǳȵȻr�}

�N�/¥ƞ$GưþƎċǤǔ5ĴǘǳȵJ¸4) 20æ5

Ȃ ēȫưƬ5ưþƎċǠ+)�'5ĪȻ2016Ġ 8ş3ƾ

ƅČȵčr�}�N�3Ň��EH)�QCS-L W�NR_

dgj6Ȼú� 4Ȧ5 He¼½Ÿ0ú�Ȗ3ȗǔ!H)ȫƏ

3ŉǏ!HȻ2016Ġ 11şɀ12ş3 He¼½Ÿ3DG¼Ùǳ

ȵȻȂ ēȫưƬ5ȍȫǳȵß8ȫƏǺŒJǠ+)�QCS-R

W�NR_dgj6Ȼ2017Ġ 2ş 13ŗ3KEK3ǆï!HȻ

Ħŗr�}�N�3Ň��EH)�W�NR_dgj0 He

¼½Ÿ05ŉǏĘ�6 2017 Ġ 3 şŢ>/3Ċ�")�õÎ

 ���

 
- 14Î QCS-R IP�°
=Æ��Ĳ��.8�¾?Ċğıð�@W[

<�ĐıĭĜ$�áNĳÎ

Î Î

- 15Î QCS-R IP�°
=Æ��ð ESR1ô�'èÏB-Ðð ESR14)
»òW[<�ĐıĭĜă$�áê}SĲ&-ĳÎ

�

õ 143Ʊ!H)ȫưƬ6ȻưþƎċ3DF 4Ųưþ�į¡

ǔJƎċĪȻǦ¤�Ʋ3ĺ". ESR1 c�nNk¹ƿ3ņ

µ�öċ"ȻŜ3'5ăíȖ3WŐĒǑ]��kJǊ��

)� 5ŵćJõ 15 3Ʊ")�W ŐĒǑ]��kJƉ£

He ƍġ/¥ƞ$G56 KEK /BÃA.5ǳ?/ȻnN`

ƣƝƏ5ƦȊ3]��kJâ��G 03DFBelle-IIŰ¿

ñ:5pgWX��knN`5¢ƌ3ą�3ď�".�G��

Ȃ ēȫưƬ0 W ŐĒǑ]��k6ǊƼĊ�ĪȻHe Ď

ñ¹3ĐȞ!HȻ¼ÙȗǁJƑŉ")ĪȻ8 ţ5fd�é

Ț5�gk/W�NR_dgjƨƺŶ¹3ªŃ!HG�He

ĎñăíȖ36ȻL�N~�jƞ5d�Zgj�ÌĘ!H

.�FȻ 5d�ZgjJƞ�.W�NR_dgjăíȖ

5L�N~�jd�Zgj05Ƨđ¡ǔJƎċ"ȻưƬJ

ǯǬ¡ǔ3öċ$G�õ 163W�NR_dgj¯5¶.5

ǊƼ�Ċ�"ȻŏŃūæ3â��EH) QCS-RJƱ")��

Î

- 16Î QCS-R ČīĆĉĒėęěĲ£�	�A3�ïô��ÊeĳÎ
Î

3.2� �����*/2>014679��.+-�� 
Ȃ ēȫưƬ5Ǧ¤�W�NR_dgj5ǊƼ3��.

ŞBƆĵJĽ+)56ȻưƬ5ưþĴǘ0ǗȫøĴǘ/�

G���3 HE5Ĵǘǳȵ3,�.ȋ;G� 
3.2.1� �3z8 

QCSȂ ēȫưƬ5r�}�N�/¤GưþÀĜ�r�

}´Ĉ�EǨƃ!HGÀĜJżƯ3ºƚ/�GD�3ȻȂ

 ēȫưƬ5ưþ6ȻĘþ¹/5[N�Ǧ¤ś�EƎċ"Ȼ

'5Ĵǘǲ¨�ǠIH)��

��3Ȃ ē 4ŲȫưƬ5ưþƎċu�a_JƱ$��

	� 4¬5Ȃ ē[N�JSUSS��/�ŲưƬ3ǊƼĪȻ

Ǧ¤Ęþ¹/o��lgW[N�3DGưþƎċȸč

ƍȹ[17]��


� Ȃ ēǥżưƬ0Ȃ ē 4ŲưƬJǊé&ĪȻèưþ

Ȯ5ƧđǪġ¡ǔƎċ5)A3o��lgW[N�3

DGưþƎċȸčƍȹ��

�� ưƁ��Wâ��ĪȻKEK5ǓüW�NR_dgj/

4 K3¼Ù�ÏưĴǘJƯǵĪȻȑȆȫƇ/o��lg

W[N�3DGưþƎċ[17,18]��

�� W�NR_dgj¹/5ưƬ¡ǔ5L�N~�j5)

A3Ȼ4ŲưƬ5ưþ�į�ưþȮǪġƎċ�õ 14���


� Ȃ ēc�nNkJǊé&ȸõ 15ȹȻKEK 3.ǓüW

�NR_dgj3ǯǔȻƉ£ He¼ÙĪȻo��lgW

[N�/ưþƎċ��

�� W�NR_dgjĊĸĪȻQCS-L 3,�.6ú�ȖČ

ȵč3.r�}�N�ưþƎċƞ3Ǧ¤")o��lg

W[N�ȻSingle Stretched Wire (SSW)Ǥǔ[19]Jƞ�.

ưþƎċ�SSWǤǔ6ǂ÷sP�|÷ƼÌȎñƭƹĻ

(FNAL)0·êȟƣ")B5/ȻǦ¤3ǅ 3ĠȠJǨ"

)�ǳȵ�/6Ȼr�}�N�/¥ƞ$GƎċñ5Ĵ

ǘƯǵȻQCS-R W�NR_dgjǊƼ¤ű:5sM�

kpgWȲƥ5ŞǉƯǵBǠ+)��

� ưƬǦ¤ś3Ɔƥ")ȶź5Q��ưþ6 6 ŲĸÀ/�

G�QC1P0 QC1E5u�jdNuŸ5Ǧ¤ś3Ȼ4ŲưƬ

5Ǧ¤ǷĚ�E 6ŲưþĸÀ� 4Ųưþ5 0.1ȷƵġì>H

G 0�ÄŚ")[20]�6Ųưþ6r�}�NsśȠJĳƓ

3ƌĕ!&G�u�jdNuŸ5ȟƣǌũJB03¶.5

115



 ����

¡ 3Î SSWz8òþā 4oÆ���3�P��ð�3Ç¦HÎ

Magnet QC1LP QC2LP QC1RP QC2RP 
XCM, mm 0.014 -0.335 0.684 0.486 
YCM, mm -0.211 -0.692 -0.296 0.042 
θD, mrad -13.65 -3.725 7.204 -2.114 
θM, mrad -15.32 -7.77 9.22 -3.84 
�

Magnet QC1LE QC2LE QC1RE QC2RE 
XCM, mm -0.212 0.129 0.245 0.079 
YCM, mm -0.286 -0.535 -0.373 -0.581 
θD, mrad 0.0 0.0 0.0 0.0 
θM, mrad -1.6 -1.54 -0.14 -0.73 
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¡ 3Î SSWz8òþā 4oÆ���3�P��ð�3Ç¦HÎ

Magnet QC1LP QC2LP QC1RP QC2RP 
XCM, mm 0.014 -0.335 0.684 0.486 
YCM, mm -0.211 -0.692 -0.296 0.042 
θD, mrad -13.65 -3.725 7.204 -2.114 
θM, mrad -15.32 -7.77 9.22 -3.84 
�

Magnet QC1LE QC2LE QC1RE QC2RE 
XCM, mm -0.212 0.129 0.245 0.079 
YCM, mm -0.286 -0.535 -0.373 -0.581 
θD, mrad 0.0 0.0 0.0 0.0 
θM, mrad -1.6 -1.54 -0.14 -0.73 
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