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ᅗ 3� 2 ᴟ☢ሙ4ࠊ ᴟ☢ሙෆࢆ㏻㐣ࡿࡍ㟁Ꮚస⏝

ࠋࡴ㐍࡚ࡗྥࡽ⾲ࡢ⣬㠃ࠊࡣ㟁Ꮚࠋຊࡿࡍ

ྛ☢▼ෆࡢ☢ሙࠊࡣࡁྥࡢⅬ⥺࡛♧ࡓࢀࡉ▮༳࡛

 ࠋࡿ࠸࡚ࢀࡉ♧

�  �q㸦㟁Ⲵ㸧࣭ 㸦㏿ᗘ㸧� 㸦☢ሙ㸧㸦2㸧�

4ࠊࡓࡲ ᴟ☢ሙෆ࡛ࡣᆶ┤ᡈࡣ࠸Ỉᖹ᪉ྥ

᮰ᡈࡣ࠸Ⓨᩓࡢຊࠋࡿࡅཷࢆ�

ᅗ 2 ࢆ▼☢ຍ㏿ჾ⏝ᖖఏᑟ㟁ࡿసࢆሙ☢ࡓࡋ♧࡛

ᅗ 4 2ࠊࡽୖࠋࡓࡋ♧ ᴟ4ࠊ ᴟ6ࠊ ᴟ㟁☢▼࡛࠶

 ࠋࡿ

 

 

  
ᅗ 4� ຍ㏿ჾ⏝㟁☢▼ࡽୖࠋ Normal 2 ᴟࠊ

Normal 4 ᴟࠊNormal 6 ᴟ㟁☢▼ࠋ 

ຍ㏿ჾ࡛ᚲせࡿࢀࡉ☢ሙࡢ⢭ᗘࢀࡇࠊ࡚ࡋ

࢚࡚ࣛࡋᑐᡂศࡢሙ☢ࡿࡍ⏕Ⓨࡀ▼☢ࡢࡽ

࣮ᡂศࢆ 0.01%㸦1�10-4ᡈࡣ࠸ 1 units㸧⛬ᗘไ

ᚚࡿࡍ࠺ࡼࡋሙྜࠊ☢ᴟࡢຍᕤ⢭ᗘࠊ⤌❧⢭ᗘࠊ

☢ᛶయᮦᩱ㸦㕲㸧ࡢᆒ୍ᛶࣝ࣋ࣞྠࡶไᚚࡿࡍ

ᚲせࠋࡿ࠶ࡀ㉸ఏᑟ㟁☢▼ࡢሙྜࣝࣈ࣮ࢣࠊࡣ

࡞ࡁ㟁ὶࢆὶࠊࡾ࡞⬟ྍࡀࡇࡍ☢ᴟ㒊࠶

タィࡢ▼☢ࡿ࠼㉸ࢆ㣬☢ሙࡢ㕲ࡣ㒊ศ࡛ࡿࡓ

ὶࢆࣝࣈ࣮ࢣ㉸ఏᑟࡣሙ☢ࠊࡽࡇࡿࢀࢃ⾜ࡀ

ࡘᣢࢆ⬟ሙᛶ☢࠸㧗ࠋࡿ࡞ࡇࡿ㟁ὶ࡛సࡿࢀ

㉸ఏᑟ㟁☢▼ࢆసࠊࡣࡵࡓࡿ㉸ఏᑟ㟁☢▼ෆࡢ

࡞ㄢ㢟࡞㔜せࡀ⨨タィ࣭㓄⨨⢭ᗘࡢࣝࣈ࣮ࢣ

 ࠋࡿ

����� ⥺㟁ὶࡀసࡿ☢ሙ 

㉸ఏᑟ㟁☢▼࡛ࡣ㉸ఏᑟࢆࣝࣈ࣮ࢣὶࡿࢀ㟁

ὶࡀ☢ሙࢆస࡛ࡇࡑࠋࡿඛࡎᇶᮏⓗ࡞㡯

1ࠊ࡚ࡋ ᮏࡢ⥺㟁ὶࡢసࡿ☢ሙ࡚࠸ࡘㄝ᫂ࠊࡋ

 [6]ࠋ࠸ࡓࡵ㐍ࢆゎㄝ࡚࠸ࡘຍ㏿ჾ☢ሙࠊᚋࡢࡑ
ᅗ 5 ☢ᗙᶆ⣔ࡢ㟁ὶ⥺ࡓࢀࡉ⨨㓄㛫✵ࠊ

ሙࡢᐃ⩏ࠋࡓࡋ♧ࢆ 

 
ᅗ 5� ࢆ㍈࣒࣮ࣅ Z ㍈ࡓࡋ㸦r, T, z㸧⟄ᗙᶆ⣔�

(a)⥺㟁ὶࣔࣝࢹ(b)ࠋ 

ᅗ 5-b ࢩࣥࢸ࣏ࣝࢺࢡ࣋ࡿసࡢ㟁ὶ⥺ࡓࡋ♧

ࣕࣝ Azࠊࡣᘧ 3  ࠋࡿࢀࡉ♧࡛

Az (r, T) = íఓబூ
ଶగ

� lnቀோ

ቁ            (3)  , 

R=ඥܽଶࠊ࡛ࡇࡇ ݎ�ଶ െ �ݎܽ�ʹ ���ሺIെ Tሻ  ࡣ⨨

P=(r, T)⥺㟁ὶ㛫ࡢ㊥㞳ࠋࡿ࠸࡚ࡋ♧ࢆ 
r < a lnቀோࠊሙྜࡢ


ቁࡣ௨ୗ࠺ࡼࡢኚ࡛ࠋࡿࡁ 

R2 = a2 ቀͳ െ 

݁ሺିఏሻቁ ቀͳ െ 


݁ିሺିఏሻቁ   , 

lnቀோ

ቁ=ଵ

ଶ
 lnቀͳ െ 


݁ሺିఏሻቁ+ଵ

ଶ
 lnቀͳ െ 


݁ିሺିఏሻቁ . 

௵ពࡢ」⣲ᩘ[㸦|[|<1㸧ᑐࠊ࡚ࡋ�

lnሺͳ െ [ሻ= í[ íଵ
ଶ
[ଶ� íଵ

ଷ
[ଷ� í�«��íଵ


[� � � 

ࡾ࡞ r < a ࡚࠸࠾㛫✵ࡢ Az (r, T)ࡣḟࡢᘧ࡛♧

 ࠋࡿࢀࡉ

Az (r, T)= íఓబூ
ଶగ

σ ͳ

݊
λ
݊ൌͳ ቀݎ

ܽ
ቁ
݊
���൫݊ሺ െ ��ሻ൯ߠ (4) .     

r > a  ࠊࡣ㛫࡛✵ࡢ

R2 = r2 ቀͳ െ 

݁ሺିఏሻቁ ቀͳ െ 


݁ିሺିఏሻቁ� , 

Az (r, T� � í
ఓబூ
ଶగ

 ln 

 + ఓబூ

ଶగ
σ ͳ

݊
λ
݊ൌͳ ቀܽ

ݎ
ቁ
݊
���൫݊ሺ െ

� ሻ൯   (5)ߠ � . 

ᘧ(4)ࡣ(5)ࠊ Z ㍈ᖹ⾜࡞⥺㟁ὶࡀసࡿ Az ከࡢ

ᴟᒎ㛤ࡢࡇࠋࡿ࡞⤖ᯝࠊࡽBTࠊBrࠊBz ᡂศࡣ

௨ୗࠋࡿࢀࡉ⾲࠺ࡼࡢ 
r < a  ࠊሙྜࡢ

BT = íడ
డ

� = íఓబூ
ଶగ

σ ቀݎ
ܽ
ቁ
݊െͳ

���൫݊ሺ െ ሻ൯λߠ
݊ൌͳ � ��

Br = ଵ

డ
డT

� = 
ఓబூ
ଶగ

σ ቀݎ
ܽ
ቁ
݊െͳ

���൫݊ሺ െ ሻ൯λߠ
݊ൌͳ  ,�

Bz = 0� � . 

r > a  ࠊሙྜࡢ

BT = ఓబூ
ଶS

� �� ఓబூ
ଶగ

σ ቀܽ
ݎ
ቁ
݊ͳ

���൫݊ሺ െ ሻ൯λߠ
݊ൌͳ � ��

Br = 
ఓబூ
ଶగ

σ ቀܽ
ݎ
ቁ
݊ͳ

���൫݊ሺ െ ሻ൯λߠ
݊ൌͳ  ,�

Bz = 0� � . 

����� ຍ㏿ჾ⏝㟁☢▼☢ሙࢆసࡣࡿ㸽 

๓⠇࡛♧࠺ࡼࡓࡋ⥺㟁ὶࡣ࡚ࡢ 2n ᴟ☢ሙ

ᚄ༙ࠊ࡛ࡇࡑࠋࡿࡍ⏕Ⓨࢆ a ࢀࡉ⨨㓄ୖ⟃ࡢ

㟁ὶ⥺௬ࠋࡿ࠼⪄࡚࠸ࡘሙ☢ࡿసࡢ㟁ὶ⥺ࡓ

ࡍࡘᣢࢆ㟁ὶᐦᗘࡓࡋ౫Ꮡ࿘᪉ྥࡢ⟃ࡀ

 ࠋࡿࡍࡿࢀࡽ࠼ᘧ㸦6㸧࡛ࠊࡣ㟁ὶࡢࡑࠋࡿ

I(I) = I0 cos (mI)� � � � � � � � 㸦6㸧 . 

ᅗࢆ㟁ὶศᕸࡢࡇ 6 ᘧ㸦6㸧࡛ࠋࡓࡋ♧ ࡓࡋ♧

㟁ὶศࡢసࡿ r < a ࢩࣥࢸ࣏ࣝࢺࢡ࣋ࡢ㛫࡛✵ࡢ

 ࠋࡿࡁኚ࡛࠺ࡼࡢḟᘧࡣࣝࣕ

Az (r, T)= íఓబூ
ଶగ

σ ͳ

݊
λ
݊ൌͳ ቀݎ

ܽ
ቁ
݊
 ���ሺ݉ሻ ���൫݊ሺ െ
ߨʹ
Ͳ

 , ሻ൯�dI                           㸦7㸧ߠ

 ࠊ࡛ࡇࡇ

㸳㸫 2



 
ᅗ 2� ⣲⢏Ꮚຍ㏿ჾ࡛⏝ࡿࢀࡽ࠸㟁☢▼ࡢ☢ሙᙧ

㸦2ࠋ≦ ᴟ☢▼㸸Normal dipoleࠊSkew dipole4ࠊ ᴟ

☢ሙ㸸Normal quadrupoleࠊSkew quadrupole6ࠊ ᴟ☢

ሙ㸸Normal sextupoleࠊSkew sextupole㸧 
 

 
ᅗ 3� 2 ᴟ☢ሙ4ࠊ ᴟ☢ሙෆࢆ㏻㐣ࡿࡍ㟁Ꮚస⏝

ࠋࡴ㐍࡚ࡗྥࡽ⾲ࡢ⣬㠃ࠊࡣ㟁Ꮚࠋຊࡿࡍ

ྛ☢▼ෆࡢ☢ሙࠊࡣࡁྥࡢⅬ⥺࡛♧ࡓࢀࡉ▮༳࡛

 ࠋࡿ࠸࡚ࢀࡉ♧

�  �q㸦㟁Ⲵ㸧࣭ 㸦㏿ᗘ㸧� 㸦☢ሙ㸧㸦2㸧�

4ࠊࡓࡲ ᴟ☢ሙෆ࡛ࡣᆶ┤ᡈࡣ࠸Ỉᖹ᪉ྥ

᮰ᡈࡣ࠸Ⓨᩓࡢຊࠋࡿࡅཷࢆ�

ᅗ 2 ࢆ▼☢ຍ㏿ჾ⏝ᖖఏᑟ㟁ࡿసࢆሙ☢ࡓࡋ♧࡛

ᅗ 4 2ࠊࡽୖࠋࡓࡋ♧ ᴟ4ࠊ ᴟ6ࠊ ᴟ㟁☢▼࡛࠶

 ࠋࡿ

 

 

  
ᅗ 4� ຍ㏿ჾ⏝㟁☢▼ࡽୖࠋ Normal 2 ᴟࠊ

Normal 4 ᴟࠊNormal 6 ᴟ㟁☢▼ࠋ 

ຍ㏿ჾ࡛ᚲせࡿࢀࡉ☢ሙࡢ⢭ᗘࢀࡇࠊ࡚ࡋ

࢚࡚ࣛࡋᑐᡂศࡢሙ☢ࡿࡍ⏕Ⓨࡀ▼☢ࡢࡽ

࣮ᡂศࢆ 0.01%㸦1�10-4ᡈࡣ࠸ 1 units㸧⛬ᗘไ

ᚚࡿࡍ࠺ࡼࡋሙྜࠊ☢ᴟࡢຍᕤ⢭ᗘࠊ⤌❧⢭ᗘࠊ

☢ᛶయᮦᩱ㸦㕲㸧ࡢᆒ୍ᛶࣝ࣋ࣞྠࡶไᚚࡿࡍ

ᚲせࠋࡿ࠶ࡀ㉸ఏᑟ㟁☢▼ࡢሙྜࣝࣈ࣮ࢣࠊࡣ

࡞ࡁ㟁ὶࢆὶࠊࡾ࡞⬟ྍࡀࡇࡍ☢ᴟ㒊࠶

タィࡢ▼☢ࡿ࠼㉸ࢆ㣬☢ሙࡢ㕲ࡣ㒊ศ࡛ࡿࡓ

ὶࢆࣝࣈ࣮ࢣ㉸ఏᑟࡣሙ☢ࠊࡽࡇࡿࢀࢃ⾜ࡀ

ࡘᣢࢆ⬟ሙᛶ☢࠸㧗ࠋࡿ࡞ࡇࡿ㟁ὶ࡛సࡿࢀ

㉸ఏᑟ㟁☢▼ࢆసࠊࡣࡵࡓࡿ㉸ఏᑟ㟁☢▼ෆࡢ

࡞ㄢ㢟࡞㔜せࡀ⨨タィ࣭㓄⨨⢭ᗘࡢࣝࣈ࣮ࢣ

 ࠋࡿ

����� ⥺㟁ὶࡀసࡿ☢ሙ 

㉸ఏᑟ㟁☢▼࡛ࡣ㉸ఏᑟࢆࣝࣈ࣮ࢣὶࡿࢀ㟁

ὶࡀ☢ሙࢆస࡛ࡇࡑࠋࡿඛࡎᇶᮏⓗ࡞㡯

1ࠊ࡚ࡋ ᮏࡢ⥺㟁ὶࡢసࡿ☢ሙ࡚࠸ࡘㄝ᫂ࠊࡋ

 [6]ࠋ࠸ࡓࡵ㐍ࢆゎㄝ࡚࠸ࡘຍ㏿ჾ☢ሙࠊᚋࡢࡑ
ᅗ 5 ☢ᗙᶆ⣔ࡢ㟁ὶ⥺ࡓࢀࡉ⨨㓄㛫✵ࠊ

ሙࡢᐃ⩏ࠋࡓࡋ♧ࢆ 

 
ᅗ 5� ࢆ㍈࣒࣮ࣅ Z ㍈ࡓࡋ㸦r, T, z㸧⟄ᗙᶆ⣔�

(a)⥺㟁ὶࣔࣝࢹ(b)ࠋ 

ᅗ 5-b ࢩࣥࢸ࣏ࣝࢺࢡ࣋ࡿసࡢ㟁ὶ⥺ࡓࡋ♧

ࣕࣝ Azࠊࡣᘧ 3  ࠋࡿࢀࡉ♧࡛

Az (r, T) = íఓబூ
ଶగ

� lnቀோ

ቁ            (3)  , 

R=ඥܽଶࠊ࡛ࡇࡇ ݎ�ଶ െ �ݎܽ�ʹ ���ሺIെ Tሻ  ࡣ⨨

P=(r, T)⥺㟁ὶ㛫ࡢ㊥㞳ࠋࡿ࠸࡚ࡋ♧ࢆ 
r < a lnቀோࠊሙྜࡢ


ቁࡣ௨ୗ࠺ࡼࡢኚ࡛ࠋࡿࡁ 

R2 = a2 ቀͳ െ 

݁ሺିఏሻቁ ቀͳ െ 


݁ିሺିఏሻቁ   , 

lnቀோ

ቁ=ଵ

ଶ
 lnቀͳ െ 


݁ሺିఏሻቁ+ଵ

ଶ
 lnቀͳ െ 


݁ିሺିఏሻቁ . 

௵ពࡢ」⣲ᩘ[㸦|[|<1㸧ᑐࠊ࡚ࡋ�

lnሺͳ െ [ሻ= í[ íଵ
ଶ
[ଶ� íଵ

ଷ
[ଷ� í�«��íଵ


[� � � 

ࡾ࡞ r < a ࡚࠸࠾㛫✵ࡢ Az (r, T)ࡣḟࡢᘧ࡛♧

 ࠋࡿࢀࡉ

Az (r, T)= íఓబூ
ଶగ

σ ͳ

݊
λ
݊ൌͳ ቀݎ

ܽ
ቁ
݊
���൫݊ሺ െ ��ሻ൯ߠ (4) .     

r > a  ࠊࡣ㛫࡛✵ࡢ

R2 = r2 ቀͳ െ 

݁ሺିఏሻቁ ቀͳ െ 


݁ିሺିఏሻቁ� , 

Az (r, T� � í
ఓబூ
ଶగ

 ln 

 + ఓబூ

ଶగ
σ ͳ

݊
λ
݊ൌͳ ቀܽ

ݎ
ቁ
݊
���൫݊ሺ െ

� ሻ൯   (5)ߠ � . 

ᘧ(4)ࡣ(5)ࠊ Z ㍈ᖹ⾜࡞⥺㟁ὶࡀసࡿ Az ከࡢ

ᴟᒎ㛤ࡢࡇࠋࡿ࡞⤖ᯝࠊࡽBTࠊBrࠊBz ᡂศࡣ

௨ୗࠋࡿࢀࡉ⾲࠺ࡼࡢ 
r < a  ࠊሙྜࡢ

BT = íడ
డ

� = íఓబூ
ଶగ

σ ቀݎ
ܽ
ቁ
݊െͳ

���൫݊ሺ െ ሻ൯λߠ
݊ൌͳ � ��

Br = ଵ

డ
డT

� = 
ఓబூ
ଶగ

σ ቀݎ
ܽ
ቁ
݊െͳ

���൫݊ሺ െ ሻ൯λߠ
݊ൌͳ  ,�

Bz = 0� � . 

r > a  ࠊሙྜࡢ

BT = ఓబூ
ଶS

� �� ఓబூ
ଶగ

σ ቀܽ
ݎ
ቁ
݊ͳ

���൫݊ሺ െ ሻ൯λߠ
݊ൌͳ � ��

Br = 
ఓబூ
ଶగ

σ ቀܽ
ݎ
ቁ
݊ͳ

���൫݊ሺ െ ሻ൯λߠ
݊ൌͳ  ,�

Bz = 0� � . 

����� ຍ㏿ჾ⏝㟁☢▼☢ሙࢆసࡣࡿ㸽 

๓⠇࡛♧࠺ࡼࡓࡋ⥺㟁ὶࡣ࡚ࡢ 2n ᴟ☢ሙ

ᚄ༙ࠊ࡛ࡇࡑࠋࡿࡍ⏕Ⓨࢆ a ࢀࡉ⨨㓄ୖ⟃ࡢ

㟁ὶ⥺௬ࠋࡿ࠼⪄࡚࠸ࡘሙ☢ࡿసࡢ㟁ὶ⥺ࡓ

ࡍࡘᣢࢆ㟁ὶᐦᗘࡓࡋ౫Ꮡ࿘᪉ྥࡢ⟃ࡀ

 ࠋࡿࡍࡿࢀࡽ࠼ᘧ㸦6㸧࡛ࠊࡣ㟁ὶࡢࡑࠋࡿ

I(I) = I0 cos (mI)� � � � � � � � 㸦6㸧 . 

ᅗࢆ㟁ὶศᕸࡢࡇ 6 ᘧ㸦6㸧࡛ࠋࡓࡋ♧ ࡓࡋ♧

㟁ὶศࡢసࡿ r < a ࢩࣥࢸ࣏ࣝࢺࢡ࣋ࡢ㛫࡛✵ࡢ

 ࠋࡿࡁኚ࡛࠺ࡼࡢḟᘧࡣࣝࣕ

Az (r, T)= íఓబூ
ଶగ

σ ͳ

݊
λ
݊ൌͳ ቀݎ

ܽ
ቁ
݊
 ���ሺ݉ሻ ���൫݊ሺ െ
ߨʹ
Ͳ

 , ሻ൯�dI                           㸦7㸧ߠ

 ࠊ࡛ࡇࡇ

㸳㸫 3㸳㸫 2



���൫݊ሺ െ � =ሻ൯ߠ��ሺ݊ሻ ���ሺ݊ߠሻ ���ሺ݊ሻ ���  ࠊߠ݊

 ���ሺ݉ሻ���ሺ݊ሻ݀ ൌ ǡߜߨ�
ଶS
   , 

 ���ሺ݉ሻଶగ
 ���ሺ݊ሻ݀ ൌ Ͳ ࠊࡽࡇࡿ࡞ 

Az (r, T)= ఓబூబ
ଶ

ͳ

݉
ቀݎ
ܽ
ቁ
݉
���ሺ݉ߠሻ   (8.1)� , 

BT (r, T)= íߤ�ͲܫͲʹܽ ቀ

ቁ
ିଵ

���ሺ݉ߠሻ   (8.2)� , 

Br (r, T)= í� ఓబூబ
ଶ

ቀݎ
ܽ
ቁ
݉െͳ

���ሺ݉ߠሻ� � � (8.3)� � ��

�

 
ᅗ 6� cos mT㟁ὶศᕸ (m=1, 2, 3) 

ᅗ 6 ᘧࢆ㟁ὶศᕸࡓࡋ♧ 8.2  8.3 ࡋ௦ධ

࡚ BxࠊByᡂศࢆồࠋࡿࡵ 
m = 1㸦I = I0 cos I㸧ࡢሙྜࠊ 

Bx = Br cos T í BT sin T = 0  , 

By = Br sin T + Br cos T = - ఓబூబ
ଶ

 = constant  , 

ሙ㸦2☢ࡢᐃ୍ᆶ┤᪉ྥࡾ࡞ ᴟ☢ሙ㸧࡞

ࡢᡂศ࣮࢚ࣛࠊࡵࡓࡿ࡞ࣟࢮࡣỈᖹᡂศࠋࡿ

࠸࡞ Normal 2 ᴟ☢ሙࠋࡿ࡞ 
m = 2㸦I = I0 cos 2I㸧ྠࡶᵝィ⟬ࠊࡿࡍ 

Bx = Br cos T í BT sin T  

� ݎ݃ = ���ሺʹߠሻ �ݎ݃ í ߠ�� ���ሺʹߠሻ ���  ߠ

�ݎ݃ =   ���  , ݕ݃ = ߠ

By = Br sin T + Br cos T 

ݎ݃ =   ���ሺʹߠሻ ��� ݎ݃ � ߠ ���ሺʹߠሻ ���  ߠ

�ݎ݃ =   � ,  ݔ݃ = ߠ��

࡛݃ࡇࡇ ൌ െఓబூబ
ଶమ

ࡿసࡀ㟁ὶศᕸࡢࡇࠊࡾ࡞ 

☢ሙ࣮࢚ࣛࡶᡂศ࠸↓ࡢ 4 ᴟ☢ሙࠋࡿ࡞ 

᭱ᚋ m = 3㸦I = I0 cos 3I㸧ࡢሙྜࠊ 

Bx = ଵ
ଶ
݃ᇱݎଶሺ��� ߠ͵ ��� ߠ െ �ߠ͵�� ���  ሻߠ

  = ଵ
ଶ
݃ᇱݎଶ�ʹ ��� ߠ ���  , ݕݔᇱ݃ = ߠ

By = ଵ
ଶ
݃ᇱݎଶሺ��� ߠ͵ ��� ߠ  �ߠ͵�� � ሻߠ��

  = ଵ
ଶ
݃ᇱݎଶ�ሺሺ��� ሻଶߠ െ ሺߠ���ሻଶሻ 

  = ଵ
ଶ
݃ᇱሺݔଶ െ  ,  ଶሻݕ

ᇱ࡛݃ࡇࡇ ൌ െఓబூబ
య

࠸↓ࡢᡂศ࣮࢚ࣛࠊࡾ࡞  6

ᴟ☢ሙࠋࡿ࡞ 

����� ຍ㏿ჾ⏝㟁☢▼☢ሙࡢ 1RUPDO ᡂศ 6NHZ
ᡂศ 

ᘧ㸦4㸧࡛♧ࡓࡋ r < a ࢩࣥࢸ࣏ࣝࢺࢡ࣋ࡢ࡛

ࣕࣝ Azࡢ➨ n 㡯ࡣ 2  ࠋࡿࢀࡉᒎ㛤㡯ࡢࡘ

Az (r, T)= íఓబூ
ଶగ

㸯

㹬
ቀݎ
ܽ
ቁ
݊
ሺ���ሺ݊ሻ ���ሺ݊ߠሻ െ

���ሺ݊ሻ ���ሺ݊ߠሻሻ��

� � � � � �ൌ ߚ ���ሺ݊ߠሻ ߙ� ���ሺ݊ߠሻ� � (9)  ��

ຍ㏿ჾ⏝㟁☢▼ࡢ☢ሙࢆホ౯ࠊ࡛ୖࡿࡍᘧ

㸦9㸧ࡢEn cos (nT)ࢆ normal ☢ሙᡂศࠊDn sin (nT)
ࢆ skew ☢ሙᡂศࠋࡿ࠸࡛ࢇ 

skew ☢ሙᡂศࠊࡣI(I) = I0 sin (mI)ࡢ㟁ὶศᕸ

ࡢࡢࡇࠋࡿࢀࡽసࡾࡼ AzࠊBTࠊBr ᘧࡣ

㸦10.1, 10.2, 10.3㸧ࠋࡿ࡞ 

Az (r, T)= ఓబூబ
ଶ

ͳ

݉
ቀݎ
ܽ
ቁ
݉
���ሺ݉ߠሻ   (10.1)� , 

BT (r, T)= íߤ�ͲܫͲʹܽ ቀ

ቁ
ିଵ

���ሺ݉ߠሻ   (10.2)� , 

Br (r, T)= í� ఓబூబ
ଶ

ቀݎ
ܽ
ቁ
݉െͳ

���ሺ݉ߠሻ� � � (10.3)� ��

����� ᐇ㝿ࡢຍ㏿ჾ⏝㉸ఏᑟ㟁☢▼࡛ࡣ㸽 

2.3.࡛ㄝ᫂ࠊ࠺ࡼࡓࡋ⟄ୖ I0�cos(nT)ࡢ
㟁ὶศᕸࢆసࡿࡁ࡛ࡀࡇࡿ 2n ᴟࡢࡳࡢ☢ሙ

࡛▼☢㟁ࡢᐇ㝿ࠋࡿ࠶࡛⬟ྍࡣࡇࡍฟࡾసࢆ

㞴࡚ࡵᴟࡣࡇࡍฟࡾసࢆἣ≦࡞࠺ࡼࡢࡇࠊࡣ

࠺ࡼࡢࡇࠊࡽ㠃ᵓ㐀᩿ࡢ▼☢㟁ࡢᐇࠋ࠸ࡋ

࡚࠼⪄࡚࠸ࡘሙ☢ࡿࡍ⏕Ⓨࡀ▼☢㟁ࡢሙྜ࡞

Ḣᕞཎࠊ࡚ࡋ≦㠃ᙧ᩿ࡢ▼☢㟁ࡢᐇ㝿ࠋࡿࡳ

Ꮚ᰾◊✲ᶵᵓ CERN ࡢ Large Hadron Collider 
(LHC)ࡢ 2 ᴟ㟁☢▼᩿㠃[7]ࢆᅗ 7 ㉸ఏࠋࡓࡋ♧

ᑟࠊࡣࣝࢥᅗ 7 㛗᪉ᙧ᩿ࡓࡋ♧ᅗྑୗୖࡢ

㠃ᙧ≧࡛ࣝࣈ࣮ࢣࡢసࠋࡿࢀࡽ㉸ఏᑟࣝࣈ࣮ࢣ

Rutherfordࠊࡣ ᚄ┤ࢀࡤࣝࣈ࣮ࢣ 1mm ⛬ᗘ

ᅗࠋࡿ࠸࡚ࢀࡉᵓᡂࡽ⥺ࢻࣥࣛࢺࢫࡢ 7 ୗࡢ

ᅗ㟁☢▼᩿ࢺࢵࢱࢫ࢜ࣛࢡ㠃ࠋࡓࡋ♧ࢆ㉸

ఏᑟ㟁☢▼2ࠊࡣ࡚ࡋ ࡢྎ 2 ᴟ㟁☢▼ࢆ 1 ࡢ⤌

☢ᛶ࣮࡛ࣚࢡໟࠋࡿ࠸࡛ࢇ 
㉸ఏᑟࣝࢥ㒊 cos(T)ࡢ㟁ὶศᕸࢆసࡵࡓࡿ

ࢡࢵࣟࣈࡢᩘ「ࢆࣝࣈ࣮ࢣ㉸ఏᑟࡢෆࣝࢥࠊ

 ࠋࡿ࠸࡚ࡅศ
ᮏ⠇࡛ࠊࡣ༢⣧࡚࠸⏝ࢆࢡࢵࣟࣈࣝࣈ࣮ࢣ࡞ 2

ᴟ4ࠊ ᴟ㟁☢▼ࡢⓎ⏕ࡿࡍ☢ሙࠋ࠸ࡓࡳ࡚࠼⪄ࢆ

ඛࠊࡎᅗ 8㸦ᕥᅗ㸧࡞࠺ࡼࡍ♧⌮ⓗ࡞ 2 ᴟ㟁

ࡓࡋᶍᨃࢆ㟁ὶศᕸࡢ▼☢ 4 ᮏࡢ⥺㟁ὶࡢ㓄⨨ࢆ

ࡢSíIゅᗘS + IࠊI+⨨ࡢíIゅᗘIࠋࡿ࠼⪄
⨨íI  ࠋࡘᣢࢆ㟁ὶ⥺ࡢ

 

 
ᅗ 7� LHC 2 ᴟ㉸ఏᑟ㟁☢▼᩿ࣝࢥ㠃㸦ୖ㸧

㟁☢▼᩿ࢺࢵࢱࢫ࢜ࣛࢡ㠃㸦ୗ㸧 

 

 
ᅗ 8� 2 ᴟᑐ⛠ᛶࢆᣢࡘ 4 ᮏࡢ⥺㟁ὶࣔࣝࢹ㸦ᕥ

ᅗ㸧 2 ᴟࣝࢹࣔࢡࢵࣟࣈࣝࢥ㸦ྑᅗ㸧 

4 ᮏࡢ⥺㟁ὶࡀసࡣࣝࣕࢩࣥࢸ࣏ࣝࢺࢡ࣋ࡿ௨

ୗ୕ࡢゅ㛵ᩘࡢබᘧࠊࡽ 
cos(nI)+cos(ínI)ícos(n(S í�I))ícos(n(S � I))   

4 cos(nI),   n= 1, 3, 5, , , 
ᡈ0 ࡣ࠸,  n= 2, 4, 6, , , 

sin(nI)+sin(ínI)ísin(n(S í�I))ísin(n(S � I)) 0 
n= 1, 2, 3, 4, , , 

ș

ș

㸳㸫 4



���൫݊ሺ െ � =ሻ൯ߠ��ሺ݊ሻ ���ሺ݊ߠሻ ���ሺ݊ሻ ���  ࠊߠ݊

 ���ሺ݉ሻ���ሺ݊ሻ݀ ൌ ǡߜߨ�
ଶS
   , 

 ���ሺ݉ሻଶగ
 ���ሺ݊ሻ݀ ൌ Ͳ ࠊࡽࡇࡿ࡞ 

Az (r, T)= ఓబூబ
ଶ

ͳ

݉
ቀݎ
ܽ
ቁ
݉
���ሺ݉ߠሻ   (8.1)� , 

BT (r, T)= íߤ�ͲܫͲʹܽ ቀ

ቁ
ିଵ

���ሺ݉ߠሻ   (8.2)� , 

Br (r, T)= í� ఓబூబ
ଶ

ቀݎ
ܽ
ቁ
݉െͳ

���ሺ݉ߠሻ� � � (8.3)� � ��

�

 
ᅗ 6� cos mT㟁ὶศᕸ (m=1, 2, 3) 

ᅗ 6 ᘧࢆ㟁ὶศᕸࡓࡋ♧ 8.2  8.3 ࡋ௦ධ

࡚ BxࠊByᡂศࢆồࠋࡿࡵ 
m = 1㸦I = I0 cos I㸧ࡢሙྜࠊ 

Bx = Br cos T í BT sin T = 0  , 

By = Br sin T + Br cos T = - ఓబூబ
ଶ

 = constant  , 

ሙ㸦2☢ࡢᐃ୍ᆶ┤᪉ྥࡾ࡞ ᴟ☢ሙ㸧࡞

ࡢᡂศ࣮࢚ࣛࠊࡵࡓࡿ࡞ࣟࢮࡣỈᖹᡂศࠋࡿ

࠸࡞ Normal 2 ᴟ☢ሙࠋࡿ࡞ 
m = 2㸦I = I0 cos 2I㸧ྠࡶᵝィ⟬ࠊࡿࡍ 

Bx = Br cos T í BT sin T  

� ݎ݃ = ���ሺʹߠሻ �ݎ݃ í ߠ�� ���ሺʹߠሻ ���  ߠ

�ݎ݃ =   ���  , ݕ݃ = ߠ

By = Br sin T + Br cos T 

ݎ݃ =   ���ሺʹߠሻ ��� ݎ݃ � ߠ ���ሺʹߠሻ ���  ߠ

�ݎ݃ =   � ,  ݔ݃ = ߠ��

࡛݃ࡇࡇ ൌ െఓబூబ
ଶమ

ࡿసࡀ㟁ὶศᕸࡢࡇࠊࡾ࡞ 

☢ሙ࣮࢚ࣛࡶᡂศ࠸↓ࡢ 4 ᴟ☢ሙࠋࡿ࡞ 

᭱ᚋ m = 3㸦I = I0 cos 3I㸧ࡢሙྜࠊ 

Bx = ଵ
ଶ
݃ᇱݎଶሺ��� ߠ͵ ��� ߠ െ �ߠ͵�� ���  ሻߠ

  = ଵ
ଶ
݃ᇱݎଶ�ʹ ��� ߠ ���  , ݕݔᇱ݃ = ߠ

By = ଵ
ଶ
݃ᇱݎଶሺ��� ߠ͵ ��� ߠ  �ߠ͵�� � ሻߠ��

  = ଵ
ଶ
݃ᇱݎଶ�ሺሺ��� ሻଶߠ െ ሺߠ���ሻଶሻ 

  = ଵ
ଶ
݃ᇱሺݔଶ െ  ,  ଶሻݕ

ᇱ࡛݃ࡇࡇ ൌ െఓబூబ
య

࠸↓ࡢᡂศ࣮࢚ࣛࠊࡾ࡞  6

ᴟ☢ሙࠋࡿ࡞ 

����� ຍ㏿ჾ⏝㟁☢▼☢ሙࡢ 1RUPDO ᡂศ 6NHZ
ᡂศ 

ᘧ㸦4㸧࡛♧ࡓࡋ r < a ࢩࣥࢸ࣏ࣝࢺࢡ࣋ࡢ࡛

ࣕࣝ Azࡢ➨ n 㡯ࡣ 2  ࠋࡿࢀࡉᒎ㛤㡯ࡢࡘ

Az (r, T)= íఓబூ
ଶగ

㸯

㹬
ቀݎ
ܽ
ቁ
݊
ሺ���ሺ݊ሻ ���ሺ݊ߠሻ െ

���ሺ݊ሻ ���ሺ݊ߠሻሻ��

� � � � � �ൌ ߚ ���ሺ݊ߠሻ ߙ� ���ሺ݊ߠሻ� � (9)  ��

ຍ㏿ჾ⏝㟁☢▼ࡢ☢ሙࢆホ౯ࠊ࡛ୖࡿࡍᘧ

㸦9㸧ࡢEn cos (nT)ࢆ normal ☢ሙᡂศࠊDn sin (nT)
ࢆ skew ☢ሙᡂศࠋࡿ࠸࡛ࢇ 

skew ☢ሙᡂศࠊࡣI(I) = I0 sin (mI)ࡢ㟁ὶศᕸ

ࡢࡢࡇࠋࡿࢀࡽసࡾࡼ AzࠊBTࠊBr ᘧࡣ

㸦10.1, 10.2, 10.3㸧ࠋࡿ࡞ 

Az (r, T)= ఓబூబ
ଶ

ͳ

݉
ቀݎ
ܽ
ቁ
݉
���ሺ݉ߠሻ   (10.1)� , 

BT (r, T)= íߤ�ͲܫͲʹܽ ቀ

ቁ
ିଵ

���ሺ݉ߠሻ   (10.2)� , 

Br (r, T)= í� ఓబூబ
ଶ

ቀݎ
ܽ
ቁ
݉െͳ

���ሺ݉ߠሻ� � � (10.3)� ��

����� ᐇ㝿ࡢຍ㏿ჾ⏝㉸ఏᑟ㟁☢▼࡛ࡣ㸽 

2.3.࡛ㄝ᫂ࠊ࠺ࡼࡓࡋ⟄ୖ I0�cos(nT)ࡢ
㟁ὶศᕸࢆసࡿࡁ࡛ࡀࡇࡿ 2n ᴟࡢࡳࡢ☢ሙ

࡛▼☢㟁ࡢᐇ㝿ࠋࡿ࠶࡛⬟ྍࡣࡇࡍฟࡾసࢆ

㞴࡚ࡵᴟࡣࡇࡍฟࡾసࢆἣ≦࡞࠺ࡼࡢࡇࠊࡣ

࠺ࡼࡢࡇࠊࡽ㠃ᵓ㐀᩿ࡢ▼☢㟁ࡢᐇࠋ࠸ࡋ

࡚࠼⪄࡚࠸ࡘሙ☢ࡿࡍ⏕Ⓨࡀ▼☢㟁ࡢሙྜ࡞

Ḣᕞཎࠊ࡚ࡋ≦㠃ᙧ᩿ࡢ▼☢㟁ࡢᐇ㝿ࠋࡿࡳ

Ꮚ᰾◊✲ᶵᵓ CERN ࡢ Large Hadron Collider 
(LHC)ࡢ 2 ᴟ㟁☢▼᩿㠃[7]ࢆᅗ 7 ㉸ఏࠋࡓࡋ♧

ᑟࠊࡣࣝࢥᅗ 7 㛗᪉ᙧ᩿ࡓࡋ♧ᅗྑୗୖࡢ

㠃ᙧ≧࡛ࣝࣈ࣮ࢣࡢసࠋࡿࢀࡽ㉸ఏᑟࣝࣈ࣮ࢣ

Rutherfordࠊࡣ ᚄ┤ࢀࡤࣝࣈ࣮ࢣ 1mm ⛬ᗘ

ᅗࠋࡿ࠸࡚ࢀࡉᵓᡂࡽ⥺ࢻࣥࣛࢺࢫࡢ 7 ୗࡢ

ᅗ㟁☢▼᩿ࢺࢵࢱࢫ࢜ࣛࢡ㠃ࠋࡓࡋ♧ࢆ㉸

ఏᑟ㟁☢▼2ࠊࡣ࡚ࡋ ࡢྎ 2 ᴟ㟁☢▼ࢆ 1 ࡢ⤌

☢ᛶ࣮࡛ࣚࢡໟࠋࡿ࠸࡛ࢇ 
㉸ఏᑟࣝࢥ㒊 cos(T)ࡢ㟁ὶศᕸࢆసࡵࡓࡿ

ࢡࢵࣟࣈࡢᩘ「ࢆࣝࣈ࣮ࢣ㉸ఏᑟࡢෆࣝࢥࠊ

 ࠋࡿ࠸࡚ࡅศ
ᮏ⠇࡛ࠊࡣ༢⣧࡚࠸⏝ࢆࢡࢵࣟࣈࣝࣈ࣮ࢣ࡞ 2

ᴟ4ࠊ ᴟ㟁☢▼ࡢⓎ⏕ࡿࡍ☢ሙࠋ࠸ࡓࡳ࡚࠼⪄ࢆ

ඛࠊࡎᅗ 8㸦ᕥᅗ㸧࡞࠺ࡼࡍ♧⌮ⓗ࡞ 2 ᴟ㟁

ࡓࡋᶍᨃࢆ㟁ὶศᕸࡢ▼☢ 4 ᮏࡢ⥺㟁ὶࡢ㓄⨨ࢆ

ࡢSíIゅᗘS + IࠊI+⨨ࡢíIゅᗘIࠋࡿ࠼⪄
⨨íI  ࠋࡘᣢࢆ㟁ὶ⥺ࡢ

 

 
ᅗ 7� LHC 2 ᴟ㉸ఏᑟ㟁☢▼᩿ࣝࢥ㠃㸦ୖ㸧

㟁☢▼᩿ࢺࢵࢱࢫ࢜ࣛࢡ㠃㸦ୗ㸧 

 

 
ᅗ 8� 2 ᴟᑐ⛠ᛶࢆᣢࡘ 4 ᮏࡢ⥺㟁ὶࣔࣝࢹ㸦ᕥ

ᅗ㸧 2 ᴟࣝࢹࣔࢡࢵࣟࣈࣝࢥ㸦ྑᅗ㸧 

4 ᮏࡢ⥺㟁ὶࡀసࡣࣝࣕࢩࣥࢸ࣏ࣝࢺࢡ࣋ࡿ௨

ୗ୕ࡢゅ㛵ᩘࡢබᘧࠊࡽ 
cos(nI)+cos(ínI)ícos(n(S í�I))ícos(n(S � I))   

4 cos(nI),   n= 1, 3, 5, , , 
ᡈ0 ࡣ࠸,  n= 2, 4, 6, , , 

sin(nI)+sin(ínI)ísin(n(S í�I))ísin(n(S � I)) 0 
n= 1, 2, 3, 4, , , 

   2.3.࡛ㄝ᫂ࠊ࠺ࡼࡓࡋ⟄ୖ I0× cos(Qș) ࡢ
㟁ὶศᕸࢆసࡿࡁ࡛ࡀࡇࡿ 2n ᴟࡢࡳࡢ☢ሙ

࡛▼☢㟁ࡢᐇ㝿ࠋࡿ࠶࡛⬟ྍࡣࡇࡍฟࡾసࢆ

㞴࡚ࡵᴟࡣࡇࡍฟࡾసࢆἣ≦࡞࠺ࡼࡢࡇࠊࡣ

࠺ࡼࡢࡇࠊࡽ㠃ᵓ㐀᩿ࡢ▼☢㟁ࡢᐇࠋ࠸ࡋ

࡚࠼⪄࡚࠸ࡘሙ☢ࡿࡍ⏕Ⓨࡀ▼☢㟁ࡢሙྜ࡞

ࡋ≦㠃ᙧ᩿ࡢ▼☢㟁ࡢᐇ㝿ࠋࡿࡳ Ḣᕞཎࠊ࡚

Ꮚ᰾◊✲ᶵᵓ CERN ࡢ Large Hadron Collider
(LHC)2ࡢ ᴟ㟁☢▼᩿㠃 ㉸ఏࠋࡓࡋ♧ ᅗ7ࢆ[7]

ᑟࠊࡣࣝࢥᅗ 㛗᪉ᙧ᩿ࡓࡋ♧ᅗྑୗୖࡢ 7

㠃ᙧ≧࡛ࣝࣈ࣮ࢣࡢసࠋࡿࢀࡽ㉸ఏᑟࣝࣈ࣮ࢣ

ᚄ┤ࢀࡤࣝࣈ࣮ࢣ Rutherfordࠊࡣ 1mm ⛬ᗘ

ᅗࠋࡿ࠸࡚ࢀࡉᵓᡂࡽ⥺ࢻࣥࣛࢺࢫࡢ ୗࡢ 7

ᅗ㟁☢▼᩿ࢺࢵࢱࢫ࢜ࣛࢡ㠃ࠋࡓࡋ♧ࢆ㉸

ఏᑟ㟁☢▼ࡋ࡚ ࡢྎ 2ࠊࡣ 2 ᴟ㟁☢▼ࡢ⤌ 1ࢆ

☢ᛶ࣮࡛ࣚࢡໟࠋࡿ࠸࡛ࢇ
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S

σ ଵ
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ቁ
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ṧࡢࡇࠋࡿࠊBnᡂศࡣᘧ㸦14㸧ࠋࡿ࡞ 

Bn=BT,n(r, T=0) =െଶఓబ
గ
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ቀ

ቁ
ିଵ
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2 ᴟ㟁☢▼୍࡚ࡋ⯡ⓗࡿࢀࡽ࠸⏝ゅᗘI1= 
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ቁ
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タィࠋ࠺⾜ࢆ 
BTࠊࡽ㆟ㄽࡢ࡛ࡲࢀࡇ Br ☢ሙᡂศࡣᘧ㸦15㸧

 ࠋࡿࢀࡉ♧࡛
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൰
ିଵ

ஶ
ୀଵ ൈ 

        ሺܾ ���ሺ݊ߠሻܽ ���ሺ݊ߠሻሻ  , 
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ோೝ

൰
ିଵ

ஶ
ୀଵ ൈ 

        ሺെܽ ���ሺ݊ߠሻܾ ���ሺ݊ߠሻሻ    (15)  . 

Rrefࠊࡣ㟁☢▼ࡢ☢ሙᛶ⬟ࢆホ౯ࡿࡍࡢཧ⪃༙

ᚄ㸦Reference Radius㸧୍ࠊ࡛ࡢࡶࡿࢀࡤ⯡ⓗ

ࡢෆ༙ᚄࣝࢥࡣ 2/3 Brefࠋࡿࢀࡽ࠸⏝ࡀ್ࡢ ࡣ
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⏝2ࠋࡿࢀࡉ ᴟ㟁☢▼ࡢሙྜࡣ Bref = B1 ࠊࡾ࡞
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ಀᩘ skew ಀᩘࡢࡇࠋࡿࢀࡤಀᩘ2ࠊࡣm ᴟ

㟁☢▼ࡢᇶ‽☢ሙ Bref ್࡛ࡓࡋṇつ࡚ࡋ㸯ࢆ
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ᕪ☢ሙࡃࡼࢆ㆟ㄽ࡛ࡢࡿࡍ⾲グ࡚ࡋ units=1�
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⨨タⅬ㸦Interaction Point: IP㸧๓ᚋ┤㏆✺⾪࣒࣮

㉸ఏᑟࡢ⤌ࡓࢀࡉ 4 ᴟ㟁☢▼࡛⾜ࡢࡇࠋࡿࢀࢃ

࡚ࡋ⏝✺⾪࣒࣮ࣅࠊࡵࡓ 8 ㉸ఏᑟࡢྎ 4 ᴟ㟁☢
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ESR1 
ESR2 
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QCS-L 

QC1LP 
QC2LP 
QC1LE 
QC2LE 

a1, b1, a2, b4 
a1, b1, a2, b4 
a1, b1, a2, b4 
a1, b1, a2, b4 

b3, b4, b5, b6 ESL 

QCS-R 

QC1RP 
QC2RP 
QC1RE 
QC2RE 
QC1-2RP 
QC1-2RE 

a1, b1, a2, a3(b3), b4 
a1, b1, a2, a3 
a1, b1, a2, a3 
a1, b1, a2, a3 
b3 
b3 

b3, b4, b5, b6 
ESR1 
ESR2 
ESR3 

ᅗ 10 SuperKEKB IR 䜢ୖ䛛䜙ぢ䛯㉸ఏᑟ㟁☢▼䜽䝷䜲䜸䝇䝍䝑䝖䚸䝦䝸䜴䝮෭ᶵ䚸ຍ㏿ჾᖖఏᑟ㟁☢▼䛸䝡

䞊䝮䝷䜲䞁䚸Belle-II᳨ฟჾ䠄Ỉᖹ᩿㠃䠅䚹ᅗ୰䚸䝊䝻䛾⨨䛜䝡䞊䝮⾪✺Ⅼ䚹  

㸳㸫 7㸳㸫 6



 
ᅗ 11� QCS-RࠊQCS-L ࢺࢵࢱࢫ࢜ࣛࢡ Belle-II  ᐃჾࡢࡇࠋ┿࣒࣮ࣅࠊࡣ㐠㌿๓ࡢ≧ែ࡛ Belle-
II  ᐃჾࠋࡿ࠸࡚ࡋື⛣ࡾࡼ࣒࣮ࣥࣛࣅࡀ 
 
ᅗࠋࡿ࠸࡚ࢀࡉ⨨⢭ᗘ࡛㓄❧⤌࠸㧗㠀ᖖࡀ 9 

2ࠊࡣ ▼☢㉸ఏᑟ㟁ࡢ୰ࡢࢺࢵࢱࢫ࢜ࣛࢡࡢྎ

�ࠋࡿ࠶࡚ࡋ♧ᴫᛕⓗࢆᵓᡂࡢ

ᅗ 9 ⾲ 1 ࡓࡋ♧ an bnࠊࡣ➨ 2 ࡋ♧࡛❶

➨ࡓ 2n ᴟࡢࡑࠊࡋ♧ࢆከᴟ☢ሙࢆᡂศࡿࡍ

⿵ṇ☢▼࡛ࠋࡿ࠶�

55 ࡣ▼☢㉸ఏᑟ㟁ࡢྎ 3 ࡽࡅศࣉࢱࡢࡘ

ࡢࡵࡓࡿࡍ㞟᮰ࢆ࣒࣮ࣅ㸯㸧ࠊࡣࡽࢀࡇࠋࡿࢀ 8
㉸ఏᑟࡢྎ 4ᴟ㟁☢▼2ࠊ㸧࣒࣮ࣅ㐠㌿ㄪᩚQC1P�
4 ᴟ㟁☢▼ࢀ₃ࡢࡽ☢ሙࢆᡴࡕᾘࡍാࢆࡁᣢࡘ

⿵ṇ㟁☢▼3ࠊ㸧Belle-II ᳨ฟჾࡢࢻࣀࣞࢯ 1.5 T
☢ሙࢆ✚ศⓗᡴࡕᾘࡢࡵࡓࡍ 4 ࣀࣞࢯṇ⿵ࡢྎ

55ࠋࡿ࠶࡛▼☢ࢻ ᅗࡣ▼☢㉸ఏᑟ㟁ࡢྎ 9 ♧

࠺ࡼࡿࢀࡉ 2 ࢀࡉศࢺࢵࢱࢫ࢜ࣛࢡࡢྎ

⾲ࡀ▼☢㟁ࡢ࡚ࠋࡿ࠸࡚ࢀࡲ㎸ࡳ⤌࡚ 1 グ㍕

�ࠋࡿ࠸࡚ࢀࡉ

LER 4 ᴟ㟁☢▼ QC1RP  QC1LP ࡣ IP ࡶ᭱

㏆࠸⨨タ⨨ࡢࡇࠋࡿ࠸࡚ࢀࡉ 2 ࡢࡘ 4 ᴟ☢▼

ࠋࡿࡍ㞟᮰ࢆ࣒࣮ࣅᆶ┤᪉ྥࢆ࣒࣮ࣅ㝧㟁Ꮚࡣ

QC2RP  QC2LP 㞟Ỉᖹ᪉ྥࢆ࣒࣮ࣅ㝧㟁Ꮚࡣ

᮰ྠࠋࡿࡍᵝࠊQC1RE  QC1LE ࣒࣮ࣅ㟁Ꮚࡣ

QC2REࠊࡋ㞟᮰ࢆ࣒࣮ࣅᆶ┤᪉ྥࢆ  QC2LE
�ࠋࡿࡍ㞟᮰Ỉᖹ᪉ྥࢆ࣒࣮ࣅ㟁Ꮚࡣ

ྛ㉸ఏᑟ 4 ᴟ㟁☢▼4ࠊࡣ㹼5 ㉸ఏᑟ⿵ṇࡢྎ

㟁☢▼ࡳ⤌ࡀ㎸ࠊࡓࡲࠋࡿ࠸࡚ࢀࡲQC1RP 

QC2RP 㛫ࠊQC1RE  QC2RE 㛫࣒࣮ࣥࣛࣅࡢ

1ࠎྛୖ ㉸ఏᑟ⿵ṇࡢྎ 6 ᴟ㟁☢▼ࡀタ⨨ࢀࡉ

�ࠋࡿ࠸࡚

⿵ṇࢻࣀࣞࢯ ESL  ESR1 ㏆ࡶ᭱Ⅼ✺⾪ࡣ

ESR2ࠊࢀࡉ⨨㓄⨨࠸  ESR3 QCS-Rࠊࡣ ࢡ

ࡢᐜჾ࣒࢘ࣜ࣊ᾮయࡢᚋ᪉ࢺࢵࢱࢫ࢜ࣛ HER
 LER �ࠋࡿ࠸࡚ࢀࡽࡅࡾྲྀ࣒࣮ࣥࣛࣅ

ᅗ 10 ࣮ࣅຍ㏿ჾࡓࢀࡉ⨨㓄Ἴᐇ㦂ᐊ⟄ࠊࡣ

ࡢࡇࠋࡿ࠶࡚ࡋ♧ࢆែ≦ࡓࡵ═ࡽୖࢆ࣒ࣥࣛ

ᅗࠊࡣ㉸ఏᑟ㟁☢▼ࢆ෭༷࣒࢘ࣜ࣊ࡢࡵࡓࡿࡍ

෭ᶵࠊࡓࡲࠋࡿ࠸࡚ࢀࡉ♧ࡶBelle-II ᳨ฟჾࡣỈ

ᖹ᩿㠃ࡢࡑࠊࡋ♧ࢆෆ㒊ᤄධࢺࢵࢿࢢ࣐ࡓࢀࡉ

ࠊQCS-Rࠋࡿ࠸࡚ࡋ♧ࢆእᙧࡣࢺࢵࢱࢫ࢜ࣛࢡ
QCS-L ࠊࡣࢺࢵࢱࢫ࢜ࣛࢡ Belle-II ᳨ฟ

ჾෆ㒊㓄⨨࣒࣮ࣅࠋࡿ࠸࡚ࢀࡉ⾪✺⨨ࠊࡣᅗ

QCS-LഃࡽBelle-II ᐃჾ୰ᚰ࠺ࡼࡍ♧10

 470 mm Belle-IIࠋࡿ࠸࡚ࢀࡎ ᳨ࠊࡣࢻࣀࣞࢯ

ฟჾ୰ᚰ㒊࡛ 1.5 T 55ࠊࡋ⏕Ⓨࢆሙ☢ࡢ ㏿ຍࡢྎ

ჾ㉸ఏᑟ㟁☢▼ࡢࡇࠊࡣ࣒ࢸࢫࢩ☢ሙ୰࡛㐠㌿ࡉ

⾲ࠋࡿࢀ 2 ࢸࢫࢩ▼☢㉸ఏᑟ㟁⏝✺⾪࣒࣮ࣅࠊ

ᅗࠋࡓࡵࡲࢆࢱ࣮࣓ࣛࣃࡢ࣒ 11 Ἴᐇ㦂⟄ࠊࡣ

ᐊタ⨨ࡓࢀࡉ QCS-RࠊQCS-L ࢺࢵࢱࢫ࢜ࣛࢡ

 Belle-II ᳨ฟჾࡢ┿࡛ࠋࡿ࠶┿ࡣຍ㏿ჾࣜ

�ࠋࡿ࠶࡛ࡢࡶࡓࢀࡉᙳࡽእࢢࣥ

�

⾲ 2 ㉸ఏᑟ㟁☢▼࣒ࢸࢫࢩࢱ࣮࣓ࣛࣃ 

4.� ㉸ఏᑟ㟁☢▼ࡢタィ 

����� ㉸ఏᑟ㟁☢▼タィࡢไ⣙᮲௳ 

������� 㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡタィୖࡢ✵㛫

ⓗ࣭⇕ⓗ࡞ไ⣙ 

㉸ఏᑟ 4 ᴟ㟁☢▼ࡢタィࠊࡾࡓ࠶࠺⾜ࢆBelle-
II ᳨ฟჾຍ㏿ჾᶵჾࡢቃ⏺ึ᭱ࡀᐃ⩏ࢀࡉ

ඛ௦ຍ㏿ჾࠊࡣ⏺ቃࡢࡇࠋࡓ KEKB  Belle ᳨ฟ

ჾࡢ✵㛫ไ⣙᮲௳ࢆ㋃くࡢࡑࠊ࡛ࡢࡶࡓࡋ⤖

ᯝ࣒࣮ࣅࠊ⾪✺㡿ᇦࡢᶵჾࡢタィಁࢆ㐍ࠋࡓࡏࡉ

≀⌮ᐇ㦂ᚲせ࡞✵㛫ࡣ Belle-II ᳨ฟჾ୰ᚰ㍈

ᑐ࡚ࡋ⾪✺Ⅼྑࡽഃࡣゅᗘ �� ᗘࠊᕥഃࡣ �� ᗘ

ࡽฟჾ᳨ࡧຍ㏿ჾᶵჾཬࠊࡾ࡞እ㒊ࡢ㗹ࡢ

ฟ࡚ࡿࡃಙྕ⥺ࠊ㓄⟶➼ࡢࡇࡣ㗹ࡢෆ㒊㓄⨨

QCS-Rࠋࡿ࠶ࡀᚲせࡿࡍ  QCS-L ࢱࢫ࢜ࣛࢡ

࡚ࡋ࠸ࡓቃ⏺㠃ࡣ㠃ࡢ≦ඛ㢌㒊㗹ࡢࢺࢵ

mm 402ࠊmm 233ࠎྛ ᚋ㏥᳨ࠊࡣࢀࡇࠋࡿ࠸࡚ࡋ

ฟჾ᥋⥆ࡿࢀࡉ㔞ࡢಙྕࣉࣃ࣭ࣝࣈ࣮ࢣ➼

㟁ࠋࡿ࠶࡛ࡵࡓࡿࡍಖ☜ࢆ㛫✵ࡢࡵࡓࡿࡍ⨨㓄ࢆ

Ꮚ࣭㝧㟁Ꮚࢆ࣒࣮ࣅᆶ┤᪉ྥ㞟᮰ࡿࡍ QC1P 

QC1E ㉸ఏᑟ 4 ᴟ㟁☢▼᳨࡞࠺ࡼࡢࡇࠊࡣฟჾ

௳ቃ⏺᮲ࡢ 2 ࡢ 㸦ᐊ࣒࣮ࣥࣛࣅࡢ ᐊࡢࡘ

࡛ࣉࣃ࣒࣮ࣅ 4 ᴟ㟁☢▼ෆ⟄⤌㎸ࡿࢀࡲ㸧ࡢ

㛫ࡢ✵㛫ෆ࡛ྍ⬟࡞㝈ࡾ IP ࡉ⨨㓄⨨࠸㏆

�ࠋࡿ࠸࡚ࢀࡉタィ࠺ࡼࡿࢀ

������� ,5ຍ㏿ჾ㟁☢▼ࡢ⫼ᬒ☢ሙศᕸ�

Belle-II ㉸ఏᑟ᳨ࡣࢻࣀࣞࢯฟჾෆ㒊 1.5 T
ᅗࢆሙศᕸ☢ࡢࡇࠋࡿ࠸࡚ࡋ⏕Ⓨࢆሙ☢ࡢ 12 

ࡢᅗ୰ࠋࡓࡋ♧ Z=0 Ⅼ㸦IP㸧࡛✺⾪࣒࣮ࣅࡀ ࠋࡿ࠶

㉸ఏᑟࠊࡿࢀࢃ㞟᮰࣒࣮ࣅ 4 ᴟ㟁☢▼ࢆ IP 

ຍ㏿ჾ㉸ఏᑟ㟁ࠋࡓࡋ♧ᅗ୰࡚࠸⏝ࢆ㊥㞳ࡢࡽ

 

ᅗ 12  Belle-II ᳨ฟჾ㍈ୖ䛷䛾᳨ฟჾ䝋䝺䝜䜲䝗䛜Ⓨ⏕䛩䜛☢ሙศᕸ䠄ィ⟬䠅䚹Z䠙0 䛾⨨䛿 IP 䛻┦ᙜ䛩䜛䚹
䜎䛯ᅗ୰䛻䛿䚸ᶓ䛛䜙ぢ䛯 4ᴟ㟁☢▼䛾⨨䜢ྛ☢▼䛾㛗䛥䜢ᣢ䛴㛗᪉ᙧ䛾䝤䝻䝑䜽䛷♧䛧䛯䚹 

㉸ఏᑟ㟁☢▼ྎᩘ 55 
4 ᴟ㟁☢▼ ✚ศ 4 ᴟ☢ሙࠊT 

QC1RP, QC1LP 22.96, 22.96 
QC2RP, QC2LP 11.54, 11.48 
QC1RE, QC1LE 25.36, 26.94 
QC2RE, QC2LE 13.04, 15.27 

⿵ṇࢻࣀࣞࢯ ✚ศ☢ሙࠊTm 
ESR1㸩ESR2/ESR3 3.86 
ESL 2.31 

 kgࠊ෭༷㔜㔞 ࢺࢵࢱࢫ࢜ࣛࢡ▼☢
QCS-R, QCS-L 3,139, 1,786 

He ෭ᶵ2 ࣒ࢸࢫࢩ ᇶ 
1 ᇶ෭༷⬟ຊ@4.5K 250W 

㸳㸫 8



 
ᅗ 11� QCS-RࠊQCS-L ࢺࢵࢱࢫ࢜ࣛࢡ Belle-II  ᐃჾࡢࡇࠋ┿࣒࣮ࣅࠊࡣ㐠㌿๓ࡢ≧ែ࡛ Belle-
II  ᐃჾࠋࡿ࠸࡚ࡋື⛣ࡾࡼ࣒࣮ࣥࣛࣅࡀ 
 
ᅗࠋࡿ࠸࡚ࢀࡉ⨨⢭ᗘ࡛㓄❧⤌࠸㧗㠀ᖖࡀ 9 

2ࠊࡣ ▼☢㉸ఏᑟ㟁ࡢ୰ࡢࢺࢵࢱࢫ࢜ࣛࢡࡢྎ

�ࠋࡿ࠶࡚ࡋ♧ᴫᛕⓗࢆᵓᡂࡢ

ᅗ 9 ⾲ 1 ࡓࡋ♧ an bnࠊࡣ➨ 2 ࡋ♧࡛❶

➨ࡓ 2n ᴟࡢࡑࠊࡋ♧ࢆከᴟ☢ሙࢆᡂศࡿࡍ

⿵ṇ☢▼࡛ࠋࡿ࠶�

55 ࡣ▼☢㉸ఏᑟ㟁ࡢྎ 3 ࡽࡅศࣉࢱࡢࡘ

ࡢࡵࡓࡿࡍ㞟᮰ࢆ࣒࣮ࣅ㸯㸧ࠊࡣࡽࢀࡇࠋࡿࢀ 8
㉸ఏᑟࡢྎ 4ᴟ㟁☢▼2ࠊ㸧࣒࣮ࣅ㐠㌿ㄪᩚQC1P�
4 ᴟ㟁☢▼ࢀ₃ࡢࡽ☢ሙࢆᡴࡕᾘࡍാࢆࡁᣢࡘ

⿵ṇ㟁☢▼3ࠊ㸧Belle-II ᳨ฟჾࡢࢻࣀࣞࢯ 1.5 T
☢ሙࢆ✚ศⓗᡴࡕᾘࡢࡵࡓࡍ 4 ࣀࣞࢯṇ⿵ࡢྎ

55ࠋࡿ࠶࡛▼☢ࢻ ᅗࡣ▼☢㉸ఏᑟ㟁ࡢྎ 9 ♧

࠺ࡼࡿࢀࡉ 2 ࢀࡉศࢺࢵࢱࢫ࢜ࣛࢡࡢྎ

⾲ࡀ▼☢㟁ࡢ࡚ࠋࡿ࠸࡚ࢀࡲ㎸ࡳ⤌࡚ 1 グ㍕

�ࠋࡿ࠸࡚ࢀࡉ

LER 4 ᴟ㟁☢▼ QC1RP  QC1LP ࡣ IP ࡶ᭱

㏆࠸⨨タ⨨ࡢࡇࠋࡿ࠸࡚ࢀࡉ 2 ࡢࡘ 4 ᴟ☢▼

ࠋࡿࡍ㞟᮰ࢆ࣒࣮ࣅᆶ┤᪉ྥࢆ࣒࣮ࣅ㝧㟁Ꮚࡣ

QC2RP  QC2LP 㞟Ỉᖹ᪉ྥࢆ࣒࣮ࣅ㝧㟁Ꮚࡣ

᮰ྠࠋࡿࡍᵝࠊQC1RE  QC1LE ࣒࣮ࣅ㟁Ꮚࡣ

QC2REࠊࡋ㞟᮰ࢆ࣒࣮ࣅᆶ┤᪉ྥࢆ  QC2LE
�ࠋࡿࡍ㞟᮰Ỉᖹ᪉ྥࢆ࣒࣮ࣅ㟁Ꮚࡣ

ྛ㉸ఏᑟ 4 ᴟ㟁☢▼4ࠊࡣ㹼5 ㉸ఏᑟ⿵ṇࡢྎ

㟁☢▼ࡳ⤌ࡀ㎸ࠊࡓࡲࠋࡿ࠸࡚ࢀࡲQC1RP 

QC2RP 㛫ࠊQC1RE  QC2RE 㛫࣒࣮ࣥࣛࣅࡢ

1ࠎྛୖ ㉸ఏᑟ⿵ṇࡢྎ 6 ᴟ㟁☢▼ࡀタ⨨ࢀࡉ

�ࠋࡿ࠸࡚

⿵ṇࢻࣀࣞࢯ ESL  ESR1 ㏆ࡶ᭱Ⅼ✺⾪ࡣ

ESR2ࠊࢀࡉ⨨㓄⨨࠸  ESR3 QCS-Rࠊࡣ ࢡ

ࡢᐜჾ࣒࢘ࣜ࣊ᾮయࡢᚋ᪉ࢺࢵࢱࢫ࢜ࣛ HER
 LER �ࠋࡿ࠸࡚ࢀࡽࡅࡾྲྀ࣒࣮ࣥࣛࣅ

ᅗ 10 ࣮ࣅຍ㏿ჾࡓࢀࡉ⨨㓄Ἴᐇ㦂ᐊ⟄ࠊࡣ

ࡢࡇࠋࡿ࠶࡚ࡋ♧ࢆែ≦ࡓࡵ═ࡽୖࢆ࣒ࣥࣛ

ᅗࠊࡣ㉸ఏᑟ㟁☢▼ࢆ෭༷࣒࢘ࣜ࣊ࡢࡵࡓࡿࡍ

෭ᶵࠊࡓࡲࠋࡿ࠸࡚ࢀࡉ♧ࡶBelle-II ᳨ฟჾࡣỈ

ᖹ᩿㠃ࡢࡑࠊࡋ♧ࢆෆ㒊ᤄධࢺࢵࢿࢢ࣐ࡓࢀࡉ

ࠊQCS-Rࠋࡿ࠸࡚ࡋ♧ࢆእᙧࡣࢺࢵࢱࢫ࢜ࣛࢡ
QCS-L ࠊࡣࢺࢵࢱࢫ࢜ࣛࢡ Belle-II ᳨ฟ

ჾෆ㒊㓄⨨࣒࣮ࣅࠋࡿ࠸࡚ࢀࡉ⾪✺⨨ࠊࡣᅗ

QCS-LഃࡽBelle-II ᐃჾ୰ᚰ࠺ࡼࡍ♧10

 470 mm Belle-IIࠋࡿ࠸࡚ࢀࡎ ᳨ࠊࡣࢻࣀࣞࢯ

ฟჾ୰ᚰ㒊࡛ 1.5 T 55ࠊࡋ⏕Ⓨࢆሙ☢ࡢ ㏿ຍࡢྎ

ჾ㉸ఏᑟ㟁☢▼ࡢࡇࠊࡣ࣒ࢸࢫࢩ☢ሙ୰࡛㐠㌿ࡉ

⾲ࠋࡿࢀ 2 ࢸࢫࢩ▼☢㉸ఏᑟ㟁⏝✺⾪࣒࣮ࣅࠊ

ᅗࠋࡓࡵࡲࢆࢱ࣮࣓ࣛࣃࡢ࣒ 11 Ἴᐇ㦂⟄ࠊࡣ

ᐊタ⨨ࡓࢀࡉ QCS-RࠊQCS-L ࢺࢵࢱࢫ࢜ࣛࢡ

 Belle-II ᳨ฟჾࡢ┿࡛ࠋࡿ࠶┿ࡣຍ㏿ჾࣜ

�ࠋࡿ࠶࡛ࡢࡶࡓࢀࡉᙳࡽእࢢࣥ

�

⾲ 2 ㉸ఏᑟ㟁☢▼࣒ࢸࢫࢩࢱ࣮࣓ࣛࣃ 

4.� ㉸ఏᑟ㟁☢▼ࡢタィ 

����� ㉸ఏᑟ㟁☢▼タィࡢไ⣙᮲௳ 

������� 㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡタィୖࡢ✵㛫

ⓗ࣭⇕ⓗ࡞ไ⣙ 

㉸ఏᑟ 4 ᴟ㟁☢▼ࡢタィࠊࡾࡓ࠶࠺⾜ࢆBelle-
II ᳨ฟჾຍ㏿ჾᶵჾࡢቃ⏺ึ᭱ࡀᐃ⩏ࢀࡉ

ඛ௦ຍ㏿ჾࠊࡣ⏺ቃࡢࡇࠋࡓ KEKB  Belle ᳨ฟ

ჾࡢ✵㛫ไ⣙᮲௳ࢆ㋃くࡢࡑࠊ࡛ࡢࡶࡓࡋ⤖

ᯝ࣒࣮ࣅࠊ⾪✺㡿ᇦࡢᶵჾࡢタィಁࢆ㐍ࠋࡓࡏࡉ

≀⌮ᐇ㦂ᚲせ࡞✵㛫ࡣ Belle-II ᳨ฟჾ୰ᚰ㍈

ᑐ࡚ࡋ⾪✺Ⅼྑࡽഃࡣゅᗘ �� ᗘࠊᕥഃࡣ �� ᗘ

ࡽฟჾ᳨ࡧຍ㏿ჾᶵჾཬࠊࡾ࡞እ㒊ࡢ㗹ࡢ

ฟ࡚ࡿࡃಙྕ⥺ࠊ㓄⟶➼ࡢࡇࡣ㗹ࡢෆ㒊㓄⨨

QCS-Rࠋࡿ࠶ࡀᚲせࡿࡍ  QCS-L ࢱࢫ࢜ࣛࢡ

࡚ࡋ࠸ࡓቃ⏺㠃ࡣ㠃ࡢ≦ඛ㢌㒊㗹ࡢࢺࢵ

mm 402ࠊmm 233ࠎྛ ᚋ㏥᳨ࠊࡣࢀࡇࠋࡿ࠸࡚ࡋ

ฟჾ᥋⥆ࡿࢀࡉ㔞ࡢಙྕࣉࣃ࣭ࣝࣈ࣮ࢣ➼

㟁ࠋࡿ࠶࡛ࡵࡓࡿࡍಖ☜ࢆ㛫✵ࡢࡵࡓࡿࡍ⨨㓄ࢆ

Ꮚ࣭㝧㟁Ꮚࢆ࣒࣮ࣅᆶ┤᪉ྥ㞟᮰ࡿࡍ QC1P 

QC1E ㉸ఏᑟ 4 ᴟ㟁☢▼᳨࡞࠺ࡼࡢࡇࠊࡣฟჾ

௳ቃ⏺᮲ࡢ 2 ࡢ 㸦ᐊ࣒࣮ࣥࣛࣅࡢ ᐊࡢࡘ

࡛ࣉࣃ࣒࣮ࣅ 4 ᴟ㟁☢▼ෆ⟄⤌㎸ࡿࢀࡲ㸧ࡢ

㛫ࡢ✵㛫ෆ࡛ྍ⬟࡞㝈ࡾ IP ࡉ⨨㓄⨨࠸㏆

�ࠋࡿ࠸࡚ࢀࡉタィ࠺ࡼࡿࢀ

������� ,5ຍ㏿ჾ㟁☢▼ࡢ⫼ᬒ☢ሙศᕸ�

Belle-II ㉸ఏᑟ᳨ࡣࢻࣀࣞࢯฟჾෆ㒊 1.5 T
ᅗࢆሙศᕸ☢ࡢࡇࠋࡿ࠸࡚ࡋ⏕Ⓨࢆሙ☢ࡢ 12 

ࡢᅗ୰ࠋࡓࡋ♧ Z=0 Ⅼ㸦IP㸧࡛✺⾪࣒࣮ࣅࡀ ࠋࡿ࠶

㉸ఏᑟࠊࡿࢀࢃ㞟᮰࣒࣮ࣅ 4 ᴟ㟁☢▼ࢆ IP 

ຍ㏿ჾ㉸ఏᑟ㟁ࠋࡓࡋ♧ᅗ୰࡚࠸⏝ࢆ㊥㞳ࡢࡽ

 

ᅗ 12  Belle-II ᳨ฟჾ㍈ୖ䛷䛾᳨ฟჾ䝋䝺䝜䜲䝗䛜Ⓨ⏕䛩䜛☢ሙศᕸ䠄ィ⟬䠅䚹Z䠙0 䛾⨨䛿 IP 䛻┦ᙜ䛩䜛䚹
䜎䛯ᅗ୰䛻䛿䚸ᶓ䛛䜙ぢ䛯 4ᴟ㟁☢▼䛾⨨䜢ྛ☢▼䛾㛗䛥䜢ᣢ䛴㛗᪉ᙧ䛾䝤䝻䝑䜽䛷♧䛧䛯䚹 

㉸ఏᑟ㟁☢▼ྎᩘ 55 
4 ᴟ㟁☢▼ ✚ศ 4 ᴟ☢ሙࠊT 

QC1RP, QC1LP 22.96, 22.96 
QC2RP, QC2LP 11.54, 11.48 
QC1RE, QC1LE 25.36, 26.94 
QC2RE, QC2LE 13.04, 15.27 

⿵ṇࢻࣀࣞࢯ ✚ศ☢ሙࠊTm 
ESR1㸩ESR2/ESR3 3.86 
ESL 2.31 

 kgࠊ෭༷㔜㔞 ࢺࢵࢱࢫ࢜ࣛࢡ▼☢
QCS-R, QCS-L 3,139, 1,786 

He ෭ᶵ2 ࣒ࢸࢫࢩ ᇶ 
1 ᇶ෭༷⬟ຊ@4.5K 250W 

㸳㸫 9㸳㸫 8



᳨࡚ࢀ࠶ࡣᙉᙅࡢሙᙉᗘ☢ࢻࣀࣞࢯࠊࡣ▼☢

ฟჾࢻࣀࣞࢯ☢ሙ୰࡛㐠㌿ࠋࡿ࠸࡚ࢀࡉ�

�����  ሙタィ☢ࡢ࣒ࢸࢫࢩ㞟᮰⤊࣒࣮᭱ࣅ

4.1 ࡣ࣒࣮ࣅࡢࡘࠊ࠺ࡼࡓࡋ♧࡛ Belle-II ࢯ
ࡢࢻࣀࣞ 1.5 T ࢆሙ୰☢ࡢ 83 mrad ᣢࢆゅᗘࡢ

࣮ࣅࡣሙ☢ࢻࣀࣞࢯࠋࡿࡃ࡚ࡗධⅬ✺⾪࡚ࡗ

࣒࣮ࣛࣅࡣሙ☢ࡢࡇࠊࡵࡓࡿ࠼ࢆᙳ㡪㐠㌿࣒

㸦ࢻࣀࣞࢯṇ⿵ศⓗ✚࡛ୖࣥ ESLࠊ

ESR1/2/3㸧ࡾࡼᡴࡕᾘࠋࡿࢀࡉ�

㉸ఏᑟ 4 ᴟ㟁☢▼ࢻࣀࣞࢯࠊࡣ☢ሙ୰࡛᭦

2 ࡿࢀࡲ㎸⤌㛫✵ࡓࢀࡽ㝈ࡢ࣒࣮ࣥࣛࣅࡢࡘ

Ⅽ4ࠊ ᴟ☢ሙࡢࡽ☢ሙࡀᑐᢠ࣒࣮ࣥࣛࣅࡿࡍ

࠺ࡼ࠸࡞ࢀ₃ QC1LP  QC1RP ௨እࡢ 6 ࡢྎ

4 ᴟ㟁☢▼㸦QC1LE��QC1RE��QC2LE��QC2RE� 
QC2LP��QC2RP㸧ࡣ☢ᛶయ࣮ࣚࡾྲྀࡀࢡࡽࡅ

ࡢࡇࠋࡿ࠸࡚ࢀ 6 ࡢྎ 4 ᴟ☢▼ࡀタ⨨ࡓࢀࡉ✵㛫

elle-II%ࠊࡣ࡛ Ẽ☢ࡀࢡ࣮ࣚࡾࡼሙ☢ࢻࣀࣞࢯ

㣬࠺ࡼ࠸࡞ࡋ⿵ṇࡣࢻࣀࣞࢯ 1.5 T ሙ☢ࡢ

ᅗࠋࡍᾘࡕᡴࢆ 12 ࡿࢀࡉ♧࡛ IP ࡴྵࢆ QC1LP~ 
QC1RP 㛫ࡢ Belle-II ṇ⿵࠸ᙉࠊࡣሙ☢ࢻࣀࣞࢯ

QC1LPࠋࡿࢀࡉᾘࡕᡴሙ࡛✚ศⓗ☢ࢻࣀࣞࢯ
ࠋࡿࢀࡲ㎸ࡳ⤌ෆ㒊ࢻࣀࣞࢯࡢࡇࡣQC1RP

QC1LP  QC1RP Belle-IIࠊࡣ ሙ☢ࢻࣀࣞࢯ

⿵ṇࢻࣀࣞࢯ☢ሙྜࡽᡂࡓࢀࡉ⣙ 2.6 T ☢ࡢ

ሙࡀ㔜␚ࡢࡇࠊࡵࡓࡿ࡞ࡇࡿࢀࡉ 4 ᴟ㟁☢▼

QC1LPࠋ࠸࡞࠸࡚ࢀࡽࡅࡾྲྀࡣࢡ࣮ࣚࡣ 

QC1RP ࡢ 4 ᴟ☢ሙࢀ₃ࡢࡽ☢ሙࠊࡣ㠀ᖖ≉Ṧ

࣒࣮ࣥࣛࣅ㟁Ꮚࢆ▼☢㉸ఏᑟ⿵ṇࡢ≦ᙧ࡞

タ⨨ࢀ₃ࠊࡋ☢ሙࢆᡴᾘࡋ㟁Ꮚ࣒࣮ࣅ㐠㌿ࡢᙳ

㡪ࢆᴟຊᑠࡿࡍࡃࡉᕤኵࠋࡿ࠸࡚ࢀࡉࡀ㉸ఏᑟ㟁

➨ࠊࡣヲ⣽ࡢ▼☢ 5 ❶㹼7 ❶࡛ㄝ᫂ࠋࡿࡍ�

5.� 㞟᮰㉸ఏᑟ⤊࣒࣮᭱ࣅ 4 ᴟ㟁☢▼ 

����� 㞟᮰⤊࣒࣮᭱ࣅ 4 ᴟ㟁☢▼ 

㉸ఏᑟ 4 ᴟ㟁☢▼ࡢୖ࣒࣮ࣥࣛࣅࠊࡣỴࡽࡵ

⾲ࢆࢱ࣮࣓ࣛࣃࡢࡇࠋࡿࢀࡉ⨨㓄⨨ࡓࢀ 3 

LERࠊࡓࡲࠋࡓࡋ♧ ࡢୖ࣒࣮ࣥࣛࣅ 4 ᴟ㟁☢▼

࡚ࡋᑐỈᖹ㠃࡚ࡋタィࡣ 4 ᴟ☢ሙࡢ┦ゅᗘ

ࡣሙ୰ᚰ☢ࡢࡑࠊࡓࡲࠋࡿ࠸࡚ࡋᅇ㌿ࡀ IP �㏻㐣ࢆ

ࡇࠋࡿ࠸࡚ࡋ೫ᚰᆶ┤᪉ྥ࡚ࡋᑐỈᖹ㠃ࡿࡍ

HERࠊ࡚ࡋᑐࢀ ࡢ⏝ 4 ᴟ㟁☢▼ࡣ☢ሙࡢ┦ゅ

ᗘࡢᅇ㌿ࠊࡀ࠸࡞ࡣ☢ሙ୰ᚰࡀỈᖹ᪉ྥ೫ᚰࡋ

ࡢࡇࠋࡿ࠸࡚ 4 ᴟ㟁☢▼࣒࣮ࣅࡢගᏛࡢࡽᵝ

ࡣ࡛ࡅࡔࡿࡍ〇స⢭ᐦ㠀ᖖࢆ㟁☢▼ᮏయࠊࡣ

ᗘ ࠊࡃ࡞ 4 K ࡓࡋ෭༷࡛ࡲ 4 ᴟ㟁☢▼࣒࣮ࣅࢆ

㐠㌿୰ࡢ㟁☢▼ࡢ⇕ⓗ࣭ᶵᲔⓗ࡞㈇Ⲵࡿ࠶ࡀ≧

ែ࡛㓄⨨ࡀࡇࡿࡍồ࣮࢚࢘ࢻ࣮ࣁࠋࡿࢀࡽࡵ

タィ࠸ࡋཝ㠀ᖖࡣ࡛ୖࡿࡏࡉᡂࢆ࣒ࢸࢫࢩ

᮲௳࡛ࠋࡿ࠶㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ〇సࠊࡣ࡚࠸ࡘ

2019 ᖺᗘࡢ OHO’19ࠕSuperKEKB�ࣝࢸࢩࣀ࣑

࣮ࠖࢲࣛࢥ㟁Ꮚ㝧㟁Ꮚࡃᣅࡾษࢆࢸࣥࣟࣇ

⩏ㅮࡢ 9㸸࣒࣮ࣅ⾪✺Ⅼ㉸ఏᑟ㟁☢▼㸦᭷ᮏẶ㸧

࡛ヲࡃࡋ⤂୍࡛ࡢࡿ࠸࡚ࢀࡉㄞ࡚ࡋ㡬ࠋ࠸ࡓࡁ�

�������  QC1RPࠊQC1LP ㉸ఏᑟ 4 ᴟ㟁☢▼ 

8 ࡢྎ 4 ᴟ㟁☢▼ࡢ୰࡛ QC1RP  QC1LP ᭱ࡣ

ࡶ IP 4.2ࠋࡿࢀࡉ⨨タ⨨࠸㏆ ⠇࡛㏙ࠊࡀࡓ

ࡢࡇ 4 ᴟ㟁☢▼ࡣ☢ᛶయ࣮ࣚࢆࢡᣢ࠸࡞ࡓ㟁☢▼

QC1LPࠋࡿ࠶࡛  QC1RP ࢱ࣮࣓ࣛࣃタィࡌྠࡣ

ሙྜ࠸࡞ࡋᚲせࢆ༊ูࡢᮏయ▼☢ࠊࡵࡓࡘᣢࢆ

ࢆ▼☢㟁ࡢࡽࢀࡇࠊࡣ QC1P ࠋࡿࡍࡇࡪ

ࡢ 4 ᴟ㟁☢▼ࡌྠࡶ⾲⌧᪉ἲࠋࡿ࠸⏝ࢆ�

ࡢࡇ 4 ᴟ㟁☢▼ࡢᇶᮏタィࠊࡣ➨ 2 ❶࡛ㄝ᫂ࡋ

ࢆ㟁ὶศᕸࡢ࿘᪉ྥࣝࢥ࠺ࡼࡓ cos(2T)ᙧ≧

ᅗࠋࡓࡋタィ᪉㔪ࢆࡇࡿࡅ㏆࡙ 13 ࡢࡇࠊ

ࡓࢀࡉ♧࡛⥺㉥ࡢᅗ୰ࠋࡓࡋ♧ࢆ≦㠃ᙧ᩿ࡢ▼☢

㒊ศࡀ㉸ఏᑟࣝࣈ࣮ࢣ┦ᙜࡿࡍ㒊ศ࡛ࡽࢀࡇ

ୗࡢ㠃ᅗ᩿ࡀࡢࡶࡓࢀᕳ≦ࣝࢥࡢ㠡ᆺࡀ

ࡍ♧ᅗࠊࡣࣝࢥࡢ⏝▼☢㟁ࠋࡿ࠸࡚ࢀࡉ♧

࠺ࡼ 2 ࣃࣝࣈࢲᵓ㐀㸦ࡓࡡ㔜ࢆࣝࢥ࠸ⷧࡢࡘ

⾲ 3 4ᴟ㟁☢▼䛾䝡䞊䝮ගᏛ䛛䜙䛾☢ሙᵝ 

㟁☢▼ ☢ሙᙉᗘ 
T 

Z 
m 

'x 
mm 

'y 
mm 

'T 
mrad 

QC1LP 
QC1RP 
QC2LP 
QC2RP 

22.96 
22.96 
11.48 
11.54 

-935 
935 

-1925  
1925 

0.0 
0.0 
0.0 
0.0 

-1.5 
-1.0 
-1.5 
-1.0 

-13.4 
7.2 

-3.7 
-2.1 

QC1LE 
QC1RE 
QC2LE 
QC2RE 

26.94 
25.39 
15.27 
13.04 

-1410 
1410 

-2700 
2925 

0.7 
-0.7 
0.7 

-0.7 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

QC1Pࠋࡿ࠸࡚ࡗᣢࢆᆺ㸧࣮࢟ࢣࣥ ࣀࣞࢯࠊࡣ

ࡵࡓࡿࢀࡉ☢ሙ୰࡛ບ☢ࢻ 4 ᴟ㟁☢▼ᮏయࡀⓎ⏕

☢ሙ᭱ࡢෆࣝࢥ㉸ఏᑟࡿ࠼ຍࡶሙ☢ࡿࡍ

タィ㟁ὶࠊࡣ 1800 A ࡚ࡋᑐ 4.56 T ࢥࠋࡿ࡞

ᑐ㟁☢ຊࡿࡍ⏕Ⓨࡾࡼሙ☢㟁ὶࡢෆࣝ

ᢠࠊࡵࡓࡿࡍ㉸ఏᑟࢫࣞࣥࢸࢫࡣࣝࢥ〇ࡢ

ಖᣢࢆ≦ᙧࣝࢥࠊࡅࢆෆ㒊ᛂຊࡾࡼ࣮ࣛ࢝

�ࠋࡿ࠸࡚ࡋ

⾲ 4  QC1P ☢㟁ࠋࡓࡋ♧ࢆࢱ࣮࣓ࣛࣃ▼☢ࡢ

▼㟁ὶ 1800 A ࣮ࢠࣝࢿ࢚✺⾪ࡢ㟁Ꮚ㝧㟁Ꮚࡣ

ࡀ 12 GeV ࡣᐇ㦂⌮≀ࡢ㏻ᖖࠋࡓࡋタィ࡚ࡋ 11 
GeV QC1Pࠋࡿ࠸࡚ࢀࢃ⾜࡛ 㐠㌿≧ែ࡛࣒࣮ࣅࢆ

1800 A QC1Pࠊሙྜࡓࡋ☢ບ࡛ࡲ ⏺⮫ࣝࣈ࣮ࢣࡢ

㟁ὶ್㸦2490 A㸧 1800 A ẚ㸦㈇Ⲵ⋡㸸RL㸧ࡢ

ࡣ㟁ὶ್ࠊࡣᐇ㐠㌿࡛ࠋࡿ࠶࡛% 72.3ࠊࡣ 1600 A
㏆ࠊࡾ࡞RL ㉸ఏࠋࡿ࡞್࠸పࡶࡾࡼࢀࡇࡣ

ᑟ 4 ᴟ㟁☢▼ࡢᙧ≧ࣝࢥࠊ࡚ࡋ 1 ᒙ┠ෆ༙ᚄ

25 mm2ࠊ ᒙ┠እ༙ᚄ 30.4 mmࠊSUS እ༙ᚄ࣮ࣛ࢝

35.5 mmࠊ☢▼㛗ࡉ 409.3 mm ࠶࡛▼☢㟁ࡢᑠᆺࡢ

⾲ࠋࡿ 4 ࡢࠊࡣグ⾲ࡢࢱ࣮࣓ࣛࣃ▼☢ࡓࡋ♧

4 ᴟ㟁☢▼࡛ࠋࡿࡍࡌྠࡶ�

4 ᴟ㟁☢▼⏝ࠊࡣࣝࣈ࣮ࢣࡿ࠸࡚ࢀࡉᮦ㉁

NbTiࠊRutherford እᚄࠊ࡛ࣉࢱ 0.49 mm ࢺࢫࡢ

⥺ࢻࣥࣛ 10 ᮏࡽᵓᡂࢻࣥࣛࢺࢫࠋࡿ࠸࡚ࢀࡉ

ሙ☢ࠊࡣ⥺ 5 Tࠊ ᗘ 4.22 K ࡛௳᮲ࡢ 317 A ㏻ࢆ

㟁ࠊࡣࢬࢧࣝࣈ࣮ࢣࠋࡿࡁ࡛ࡀࡇࡿࡍᖜ 2.5 
mmࠊཌࡳ 0.93 mm ࡛ 2.09 ᗘࣥࢺࢫ࣮࢟ࡢゅᗘࢆ

ᣢࣥࢺࢫ࣮࢟ࠋࡿ࠸࡚ࡗゅᗘࢥࢆࣝࣈ࣮ࢣࠊࡣ

⾲ 4  QC1LP 䛸 QC1RP䛾䝟䝷䝯䞊䝍 

タィ☢ሙ໙㓄䚸 Gd 
タィ㟁ὶ䚸 Id 

㉸ఏᑟ䝁䜲䝹ෆ᭱☢ሙ䚸 Bp 
⮫⏺್䜎䛷䛾㈇Ⲵ⋡@4.7 K䚸RL 
㉸ఏᑟᶵ䝁䜲䝹ᙧ≧ 
➨ 1 䝁䜲䝹 
䝁䜲䝹ෆ/እ༙ᚄ䚸 Ri-c1/Ro-c1 
䝁䜲䝹㛗䚸 Lc1 

䝍䞊䞁ᩘ䚸 Tc1 

➨ 2 䝁䜲䝹 
䝁䜲䝹ෆ/እ༙ᚄ䚸 Ri-c2/Ro-c2 
䝁䜲䝹㛗䚸 Lc2 

䝍䞊䞁ᩘ䚸 Tc2 

SUS 䜹䝷䞊ෆ/እ༙ᚄ䚸 Ri-col/Ro-

col 

☢▼㛗䚸 Lpm 
ᐇຠ☢ሙ㛗䚸 Lem 
䜲䞁䝎䜽䝍䞁䝇䚸 L 
Rutherford㉸ఏᑟ䜿䞊䝤䝹 
䝇䝖䝷䞁䝗䝽䜲䝲䞊 
እᚄ䚸 Ds 

㖡ẚ䚸 Cu/S 
䝣䜱䝷䝯䞁䝖ᚄ䚸 Df 
䝣䜱䝷䝯䞁䝖ᩘ䚸 Nf 
⮫⏺㟁ὶ@ 5T, 4.22 K䚸 Ic 

Rutherford䜿䞊䝤䝹 
䜿䞊䝤䝹ᖜ䚸 Wc 
䜿䞊䝤䝹୰㛫㒊ཌ䚸 Tcm 
䜻䞊䝇䝖䞁ゅᗘ䚸Tk 
䝇䝖䝷䞁䝗ᩘ䚸 Ns 

76.37 T/m 
1800 A 
4.56 T 
72.3 % 

 
 

25.0 /27.7 mm 
344.6 mm 

12 
 

27.8/30.4 mm 
361.9 mm 

13 
30.8/35.5 mm 

409.3 mm 
333.6 mm 

0.88 mH 
NbTi 

 
 

0.498 mm 
1.0 

7.7 Pm 
2113 

317 A 
 

2.50 mm 
0.93 mm 
2.09 deg. 

10 
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᳨࡚ࢀ࠶ࡣᙉᙅࡢሙᙉᗘ☢ࢻࣀࣞࢯࠊࡣ▼☢

ฟჾࢻࣀࣞࢯ☢ሙ୰࡛㐠㌿ࠋࡿ࠸࡚ࢀࡉ�

�����  ሙタィ☢ࡢ࣒ࢸࢫࢩ㞟᮰⤊࣒࣮᭱ࣅ

4.1 ࡣ࣒࣮ࣅࡢࡘࠊ࠺ࡼࡓࡋ♧࡛ Belle-II ࢯ
ࡢࢻࣀࣞ 1.5 T ࢆሙ୰☢ࡢ 83 mrad ᣢࢆゅᗘࡢ

࣮ࣅࡣሙ☢ࢻࣀࣞࢯࠋࡿࡃ࡚ࡗධⅬ✺⾪࡚ࡗ

࣒࣮ࣛࣅࡣሙ☢ࡢࡇࠊࡵࡓࡿ࠼ࢆᙳ㡪㐠㌿࣒

㸦ࢻࣀࣞࢯṇ⿵ศⓗ✚࡛ୖࣥ ESLࠊ

ESR1/2/3㸧ࡾࡼᡴࡕᾘࠋࡿࢀࡉ�

㉸ఏᑟ 4 ᴟ㟁☢▼ࢻࣀࣞࢯࠊࡣ☢ሙ୰࡛᭦

2 ࡿࢀࡲ㎸⤌㛫✵ࡓࢀࡽ㝈ࡢ࣒࣮ࣥࣛࣅࡢࡘ

Ⅽ4ࠊ ᴟ☢ሙࡢࡽ☢ሙࡀᑐᢠ࣒࣮ࣥࣛࣅࡿࡍ

࠺ࡼ࠸࡞ࢀ₃ QC1LP  QC1RP ௨እࡢ 6 ࡢྎ

4 ᴟ㟁☢▼㸦QC1LE��QC1RE��QC2LE��QC2RE� 
QC2LP��QC2RP㸧ࡣ☢ᛶయ࣮ࣚࡾྲྀࡀࢡࡽࡅ

ࡢࡇࠋࡿ࠸࡚ࢀ 6 ࡢྎ 4 ᴟ☢▼ࡀタ⨨ࡓࢀࡉ✵㛫

elle-II%ࠊࡣ࡛ Ẽ☢ࡀࢡ࣮ࣚࡾࡼሙ☢ࢻࣀࣞࢯ

㣬࠺ࡼ࠸࡞ࡋ⿵ṇࡣࢻࣀࣞࢯ 1.5 T ሙ☢ࡢ

ᅗࠋࡍᾘࡕᡴࢆ 12 ࡿࢀࡉ♧࡛ IP ࡴྵࢆ QC1LP~ 
QC1RP 㛫ࡢ Belle-II ṇ⿵࠸ᙉࠊࡣሙ☢ࢻࣀࣞࢯ

QC1LPࠋࡿࢀࡉᾘࡕᡴሙ࡛✚ศⓗ☢ࢻࣀࣞࢯ
ࠋࡿࢀࡲ㎸ࡳ⤌ෆ㒊ࢻࣀࣞࢯࡢࡇࡣQC1RP

QC1LP  QC1RP Belle-IIࠊࡣ ሙ☢ࢻࣀࣞࢯ

⿵ṇࢻࣀࣞࢯ☢ሙྜࡽᡂࡓࢀࡉ⣙ 2.6 T ☢ࡢ

ሙࡀ㔜␚ࡢࡇࠊࡵࡓࡿ࡞ࡇࡿࢀࡉ 4 ᴟ㟁☢▼

QC1LPࠋ࠸࡞࠸࡚ࢀࡽࡅࡾྲྀࡣࢡ࣮ࣚࡣ 

QC1RP ࡢ 4 ᴟ☢ሙࢀ₃ࡢࡽ☢ሙࠊࡣ㠀ᖖ≉Ṧ

࣒࣮ࣥࣛࣅ㟁Ꮚࢆ▼☢㉸ఏᑟ⿵ṇࡢ≦ᙧ࡞

タ⨨ࢀ₃ࠊࡋ☢ሙࢆᡴᾘࡋ㟁Ꮚ࣒࣮ࣅ㐠㌿ࡢᙳ

㡪ࢆᴟຊᑠࡿࡍࡃࡉᕤኵࠋࡿ࠸࡚ࢀࡉࡀ㉸ఏᑟ㟁

➨ࠊࡣヲ⣽ࡢ▼☢ 5 ❶㹼7 ❶࡛ㄝ᫂ࠋࡿࡍ�

5.� 㞟᮰㉸ఏᑟ⤊࣒࣮᭱ࣅ 4 ᴟ㟁☢▼ 

����� 㞟᮰⤊࣒࣮᭱ࣅ 4 ᴟ㟁☢▼ 

㉸ఏᑟ 4 ᴟ㟁☢▼ࡢୖ࣒࣮ࣥࣛࣅࠊࡣỴࡽࡵ

⾲ࢆࢱ࣮࣓ࣛࣃࡢࡇࠋࡿࢀࡉ⨨㓄⨨ࡓࢀ 3 

LERࠊࡓࡲࠋࡓࡋ♧ ࡢୖ࣒࣮ࣥࣛࣅ 4 ᴟ㟁☢▼

࡚ࡋᑐỈᖹ㠃࡚ࡋタィࡣ 4 ᴟ☢ሙࡢ┦ゅᗘ

ࡣሙ୰ᚰ☢ࡢࡑࠊࡓࡲࠋࡿ࠸࡚ࡋᅇ㌿ࡀ IP �㏻㐣ࢆ

ࡇࠋࡿ࠸࡚ࡋ೫ᚰᆶ┤᪉ྥ࡚ࡋᑐỈᖹ㠃ࡿࡍ

HERࠊ࡚ࡋᑐࢀ ࡢ⏝ 4 ᴟ㟁☢▼ࡣ☢ሙࡢ┦ゅ

ᗘࡢᅇ㌿ࠊࡀ࠸࡞ࡣ☢ሙ୰ᚰࡀỈᖹ᪉ྥ೫ᚰࡋ

ࡢࡇࠋࡿ࠸࡚ 4 ᴟ㟁☢▼࣒࣮ࣅࡢගᏛࡢࡽᵝ

ࡣ࡛ࡅࡔࡿࡍ〇స⢭ᐦ㠀ᖖࢆ㟁☢▼ᮏయࠊࡣ

ᗘ ࠊࡃ࡞ 4 K ࡓࡋ෭༷࡛ࡲ 4 ᴟ㟁☢▼࣒࣮ࣅࢆ

㐠㌿୰ࡢ㟁☢▼ࡢ⇕ⓗ࣭ᶵᲔⓗ࡞㈇Ⲵࡿ࠶ࡀ≧

ែ࡛㓄⨨ࡀࡇࡿࡍồ࣮࢚࢘ࢻ࣮ࣁࠋࡿࢀࡽࡵ

タィ࠸ࡋཝ㠀ᖖࡣ࡛ୖࡿࡏࡉᡂࢆ࣒ࢸࢫࢩ

᮲௳࡛ࠋࡿ࠶㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ〇సࠊࡣ࡚࠸ࡘ

2019 ᖺᗘࡢ OHO’19ࠕSuperKEKB�ࣝࢸࢩࣀ࣑

࣮ࠖࢲࣛࢥ㟁Ꮚ㝧㟁Ꮚࡃᣅࡾษࢆࢸࣥࣟࣇ

⩏ㅮࡢ 9㸸࣒࣮ࣅ⾪✺Ⅼ㉸ఏᑟ㟁☢▼㸦᭷ᮏẶ㸧

࡛ヲࡃࡋ⤂୍࡛ࡢࡿ࠸࡚ࢀࡉㄞ࡚ࡋ㡬ࠋ࠸ࡓࡁ�

�������  QC1RPࠊQC1LP ㉸ఏᑟ 4 ᴟ㟁☢▼ 

8 ࡢྎ 4 ᴟ㟁☢▼ࡢ୰࡛ QC1RP  QC1LP ᭱ࡣ

ࡶ IP 4.2ࠋࡿࢀࡉ⨨タ⨨࠸㏆ ⠇࡛㏙ࠊࡀࡓ

ࡢࡇ 4 ᴟ㟁☢▼ࡣ☢ᛶయ࣮ࣚࢆࢡᣢ࠸࡞ࡓ㟁☢▼

QC1LPࠋࡿ࠶࡛  QC1RP ࢱ࣮࣓ࣛࣃタィࡌྠࡣ

ሙྜ࠸࡞ࡋᚲせࢆ༊ูࡢᮏయ▼☢ࠊࡵࡓࡘᣢࢆ

ࢆ▼☢㟁ࡢࡽࢀࡇࠊࡣ QC1P ࠋࡿࡍࡇࡪ

ࡢ 4 ᴟ㟁☢▼ࡌྠࡶ⾲⌧᪉ἲࠋࡿ࠸⏝ࢆ�

ࡢࡇ 4 ᴟ㟁☢▼ࡢᇶᮏタィࠊࡣ➨ 2 ❶࡛ㄝ᫂ࡋ

ࢆ㟁ὶศᕸࡢ࿘᪉ྥࣝࢥ࠺ࡼࡓ cos(2T)ᙧ≧

ᅗࠋࡓࡋタィ᪉㔪ࢆࡇࡿࡅ㏆࡙ 13 ࡢࡇࠊ

ࡓࢀࡉ♧࡛⥺㉥ࡢᅗ୰ࠋࡓࡋ♧ࢆ≦㠃ᙧ᩿ࡢ▼☢

㒊ศࡀ㉸ఏᑟࣝࣈ࣮ࢣ┦ᙜࡿࡍ㒊ศ࡛ࡽࢀࡇ

ୗࡢ㠃ᅗ᩿ࡀࡢࡶࡓࢀᕳ≦ࣝࢥࡢ㠡ᆺࡀ

ࡍ♧ᅗࠊࡣࣝࢥࡢ⏝▼☢㟁ࠋࡿ࠸࡚ࢀࡉ♧

࠺ࡼ 2 ࣃࣝࣈࢲᵓ㐀㸦ࡓࡡ㔜ࢆࣝࢥ࠸ⷧࡢࡘ

⾲ 3 4ᴟ㟁☢▼䛾䝡䞊䝮ගᏛ䛛䜙䛾☢ሙᵝ 

㟁☢▼ ☢ሙᙉᗘ 
T 

Z 
m 

'x 
mm 

'y 
mm 

'T 
mrad 

QC1LP 
QC1RP 
QC2LP 
QC2RP 

22.96 
22.96 
11.48 
11.54 

-935 
935 

-1925  
1925 

0.0 
0.0 
0.0 
0.0 

-1.5 
-1.0 
-1.5 
-1.0 

-13.4 
7.2 

-3.7 
-2.1 

QC1LE 
QC1RE 
QC2LE 
QC2RE 

26.94 
25.39 
15.27 
13.04 

-1410 
1410 

-2700 
2925 

0.7 
-0.7 
0.7 

-0.7 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

QC1Pࠋࡿ࠸࡚ࡗᣢࢆᆺ㸧࣮࢟ࢣࣥ ࣀࣞࢯࠊࡣ

ࡵࡓࡿࢀࡉ☢ሙ୰࡛ບ☢ࢻ 4 ᴟ㟁☢▼ᮏయࡀⓎ⏕

☢ሙ᭱ࡢෆࣝࢥ㉸ఏᑟࡿ࠼ຍࡶሙ☢ࡿࡍ

タィ㟁ὶࠊࡣ 1800 A ࡚ࡋᑐ 4.56 T ࢥࠋࡿ࡞

ᑐ㟁☢ຊࡿࡍ⏕Ⓨࡾࡼሙ☢㟁ὶࡢෆࣝ

ᢠࠊࡵࡓࡿࡍ㉸ఏᑟࢫࣞࣥࢸࢫࡣࣝࢥ〇ࡢ

ಖᣢࢆ≦ᙧࣝࢥࠊࡅࢆෆ㒊ᛂຊࡾࡼ࣮ࣛ࢝

�ࠋࡿ࠸࡚ࡋ

⾲ 4  QC1P ☢㟁ࠋࡓࡋ♧ࢆࢱ࣮࣓ࣛࣃ▼☢ࡢ

▼㟁ὶ 1800 A ࣮ࢠࣝࢿ࢚✺⾪ࡢ㟁Ꮚ㝧㟁Ꮚࡣ

ࡀ 12 GeV ࡣᐇ㦂⌮≀ࡢ㏻ᖖࠋࡓࡋタィ࡚ࡋ 11 
GeV QC1Pࠋࡿ࠸࡚ࢀࢃ⾜࡛ 㐠㌿≧ែ࡛࣒࣮ࣅࢆ

1800 A QC1Pࠊሙྜࡓࡋ☢ບ࡛ࡲ ⏺⮫ࣝࣈ࣮ࢣࡢ

㟁ὶ್㸦2490 A㸧 1800 A ẚ㸦㈇Ⲵ⋡㸸RL㸧ࡢ

ࡣ㟁ὶ್ࠊࡣᐇ㐠㌿࡛ࠋࡿ࠶࡛% 72.3ࠊࡣ 1600 A
㏆ࠊࡾ࡞RL ㉸ఏࠋࡿ࡞್࠸పࡶࡾࡼࢀࡇࡣ

ᑟ 4 ᴟ㟁☢▼ࡢᙧ≧ࣝࢥࠊ࡚ࡋ 1 ᒙ┠ෆ༙ᚄ

25 mm2ࠊ ᒙ┠እ༙ᚄ 30.4 mmࠊSUS እ༙ᚄ࣮ࣛ࢝

35.5 mmࠊ☢▼㛗ࡉ 409.3 mm ࠶࡛▼☢㟁ࡢᑠᆺࡢ

⾲ࠋࡿ 4 ࡢࠊࡣグ⾲ࡢࢱ࣮࣓ࣛࣃ▼☢ࡓࡋ♧

4 ᴟ㟁☢▼࡛ࠋࡿࡍࡌྠࡶ�

4 ᴟ㟁☢▼⏝ࠊࡣࣝࣈ࣮ࢣࡿ࠸࡚ࢀࡉᮦ㉁

NbTiࠊRutherford እᚄࠊ࡛ࣉࢱ 0.49 mm ࢺࢫࡢ

⥺ࢻࣥࣛ 10 ᮏࡽᵓᡂࢻࣥࣛࢺࢫࠋࡿ࠸࡚ࢀࡉ

ሙ☢ࠊࡣ⥺ 5 Tࠊ ᗘ 4.22 K ࡛௳᮲ࡢ 317 A ㏻ࢆ

㟁ࠊࡣࢬࢧࣝࣈ࣮ࢣࠋࡿࡁ࡛ࡀࡇࡿࡍᖜ 2.5 
mmࠊཌࡳ 0.93 mm ࡛ 2.09 ᗘࣥࢺࢫ࣮࢟ࡢゅᗘࢆ

ᣢࣥࢺࢫ࣮࢟ࠋࡿ࠸࡚ࡗゅᗘࢥࢆࣝࣈ࣮ࢣࠊࡣ

⾲ 4  QC1LP 䛸 QC1RP䛾䝟䝷䝯䞊䝍 

タィ☢ሙ໙㓄䚸 Gd 
タィ㟁ὶ䚸 Id 

㉸ఏᑟ䝁䜲䝹ෆ᭱☢ሙ䚸 Bp 
⮫⏺್䜎䛷䛾㈇Ⲵ⋡@4.7 K䚸RL 
㉸ఏᑟᶵ䝁䜲䝹ᙧ≧ 
➨ 1 䝁䜲䝹 
䝁䜲䝹ෆ/እ༙ᚄ䚸 Ri-c1/Ro-c1 
䝁䜲䝹㛗䚸 Lc1 

䝍䞊䞁ᩘ䚸 Tc1 

➨ 2 䝁䜲䝹 
䝁䜲䝹ෆ/እ༙ᚄ䚸 Ri-c2/Ro-c2 
䝁䜲䝹㛗䚸 Lc2 

䝍䞊䞁ᩘ䚸 Tc2 

SUS 䜹䝷䞊ෆ/እ༙ᚄ䚸 Ri-col/Ro-

col 

☢▼㛗䚸 Lpm 
ᐇຠ☢ሙ㛗䚸 Lem 
䜲䞁䝎䜽䝍䞁䝇䚸 L 
Rutherford㉸ఏᑟ䜿䞊䝤䝹 
䝇䝖䝷䞁䝗䝽䜲䝲䞊 
እᚄ䚸 Ds 

㖡ẚ䚸 Cu/S 
䝣䜱䝷䝯䞁䝖ᚄ䚸 Df 
䝣䜱䝷䝯䞁䝖ᩘ䚸 Nf 
⮫⏺㟁ὶ@ 5T, 4.22 K䚸 Ic 

Rutherford䜿䞊䝤䝹 
䜿䞊䝤䝹ᖜ䚸 Wc 
䜿䞊䝤䝹୰㛫㒊ཌ䚸 Tcm 
䜻䞊䝇䝖䞁ゅᗘ䚸Tk 
䝇䝖䝷䞁䝗ᩘ䚸 Ns 

76.37 T/m 
1800 A 
4.56 T 
72.3 % 

 
 

25.0 /27.7 mm 
344.6 mm 

12 
 

27.8/30.4 mm 
361.9 mm 

13 
30.8/35.5 mm 

409.3 mm 
333.6 mm 

0.88 mH 
NbTi 

 
 

0.498 mm 
1.0 

7.7 Pm 
2113 

317 A 
 

2.50 mm 
0.93 mm 
2.09 deg. 
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ࣝ࿘᪉ྥ≦ࢳ࣮⢭ᗘࡃࡼ㓄⨨ࡵࡓࡿࡍ

QC1P Rutherford ࢣ㉸ఏᑟࠋࡓࢀࡉᕤࣝࣈ࣮ࢣ

ᅗࢆ㠃ᅗ᩿ࡢࣝࣈ࣮ 14  ࠋࡓࡋ♧
ຍ㏿ჾ⏝㟁☢▼୍ࠊࡣ⯡ⓗࡢࡑࡣ㟁☢▼ࡀⓎ

࡚ࡋᑐሙᡂศ☢ࡿࡍ⏕ 1×10-4㸦1 units㸧௨ୗࡢ

ㄗᕪ☢ሙ࡛ࡀࡇࡿ࠶せồࠋࡿࢀࡉQC1P ሙ☢ࡢ

タィ4ࠊࡶ࡚࠸ ḟ௨ୖࡢ㧗ḟࡢ☢ሙᡂศᑐ

࡚ࡋ 1 units ௨ୗ࠺ࡼࡿ࡞タィࡲࠋࡿ࠸࡚ࢀࡉ

ᅗࠊࡎ 13 㟁☢▼᩿㠃㸦2ࡓࡋ♧࡛ ḟඖ㸧࡛ࢥࡢ

ࣝࢥࠊ࠸⾜ࢆ㐺᭱ࡢ⨨ࡢ࿘᪉ྥࡢࣝ 3 ḟඖ

ᙧ≧࡛ࡢ㟁☢▼యࡢㄗᕪ☢ሙ1ࢆ units௨ୗ࡞

☢ࠋࡓࡗ⾜ࢆ㐺᭱ࡢ≦ᙧࡢ㒊➃ࣝࢥ࠺ࡼࡿ

ሙタィ⤖ᯝࢆ⾲ 5 ༙⪄ཧࠊࡣ್ࡢ୰⾲ࠋࡓࡋ♧

ᚄ�Rref�10 mm ࢀࡉ⟭ィࡽሙศᕸ☢ࡢ࡛⨨ࡢ

2ࠋࡓ ḟඖ㟁☢▼᩿㠃タィࣔࠊࣝࢹ㟁☢▼యࡢ

3 ḟඖࣔࡶࣝࢹ㧗ḟࡢㄗᕪᡂศࡣ 1�units ௨ୗ

ᅗࠋࡿ࠸࡚ࢀࡉㄪᩚ 15 ࡓࡋᡂ QC1LP 

QC1RP SUSࠊࣝࢥ㉸ఏᑟࡓࡋ〇స⏝ ࣮ࣛ࢝

 ࠋࡓࡋ♧ࢆ

������� ㉸ఏᑟ)/�&4ࠊ)�5&4 4 ᴟ㟁☢▼ 

 QC1RE  QC1LE HERࠊࡣ ࡛ୖ࣒࣮ࣥࣛࣅ

IP ࡓࢀࡉ⨨㓄⨨࠸㏆ࡶ᭱ 4 ᴟ㟁☢▼࡛ࠊ☢

ᛶయࢆࢡ࣮ࣚࡢ SUS ࠋࡿ࠸࡚ࡗᣢእ࿘㒊࣮ࣛ࢝

☢ᛶయ࣮ࣚࡾࡼࢡ QC1E ࡽ LER ࣒࣮ࣛࣅ

࡞࠼ࢆᙳ㡪㐠㌿࣒࣮ࣅࡣࢀ₃ࡢሙ☢ࡢࣥ

ࡢࡇ௨ୗࠋࡿ࠸࡚ࡏࡉῶᑡ࡛ࡲࣝ࣋ࣞ࠸ 4 ᴟ㟁

☢▼タィ᳨ࡢウ࡚࠸ࡘㄝ᫂ࠋࡿࡍ�

QC1E ࢆ≦ᙧࣝࢥ㉸ఏᑟ㟁☢▼᩿㠃タィࡢ

ᅗ 16 QC1Eࠋࡓࡋ♧ QC1Pࠊࡣ㠃タィ᩿ࣝࢥࡢ
ࢣ㉸ఏᑟ࠺ࡼࡿసࢆ㟁ὶศᕸࡢcos(2T)ࠊᵝྠ

QC1Eࠋࡿ࠸࡚ࡋ⨨㓄ࢆࣝࣈ࣮ ࡢ࡚ࡋ▼☢㟁ࡢ

⾲ࠊࡣࢱ࣮࣓ࣛࣃ 6 QC1Eࠋࡓࡋ♧ ࡣ QC1P ࡼ

ࡾ IP ࡢࡿࢀࡉ⨨タୖ࣒࣮ࣥࣛࣅࡓࢀ㞳ࡽ

➨ࠊ࡛ 1 ࡣෆ༙ᚄࣝࢥ QC1P ࡃࡁࡶࡾࡼ Ri-c1

㸻33.0 mm ࡣእᚄ࣮ࣛ࢝ࠊ࡛ Ro-col㸻47.0 mmࣚࠊ

እ༙ᚄࢡ࣮ Ro-y㸻70.0 mm ࡣタィ㟁ὶ್ࠋࡿ࠶࡛

Id 㸻2000 A ࡛タィࠊࡾ࠾࡚ࢀࡉⓎ⏕ࡿࡍ☢ሙ໙㓄

ࡣ Gd㸻91.57 T/m ࡉ⏝ࣝࢥ㉸ఏᑟࠋࡿ࠶࡛

ࢱ࣮࣓ࣛࣃ࡞ᇶᮏⓗࡢࣝࣈ࣮ࢣ㉸ఏᑟࡿ࠸࡚ࢀ

 

ᅗ 15: QC1LP䠄ୖ䠅䚸QC1RP ⏝㉸ఏᑟ䝁䜲䝹䠄ୗ䠅䚸
SUS䜹䝷䞊䠄䝁䜲䝹ᕥഃ䠅 

⾲ 5  QC1P䛾タィㄗᕪ☢ሙ㻌 @Rref=10 mm 

ㄗᕪ☢ሙᡂศ 2ḟඖ䚸units 3ḟඖ䚸units 
b4 
b6 
b8 
b10 
b12 
b14 

0 
0.10 

0 
-0.21 
0.00 
0.02 

0.24 
0.54 
0.01 

-0.21 
0.00 
0.00 

 
 

 
ᅗ 16  QC1E䛾☢▼᩿㠃タィ䛸䝁䜲䝹ᙧ≧ 

ࡣ QC1P ࣮࢟ࡓࢀࡽࡅࡘࣝࣈ࣮ࢣࠊࡀࡔࡌྠ

࡚ࡏࢃྜෆᚄࣝࢥࡣゅᗘ㸦Tk㸧ࣥࢺࢫ 1.59 ᗘ

�ࠋࡿ࠸࡚ࢀࡉタᐃ

QC1E ⾲ࡣタィㄗᕪ☢ሙࡢ 7 ሙ☢ࠊࢀࡽࡵ⧳

ホ౯༙ᚄࡢ Rref=15 mm ࡚࠸࠾ 1 units ௨ୗ࡞

ࢀࡉタィࡀ≦㒊ᙧ➃ࣝࢥࠊ㠃᩿ࣝࢥ࠺ࡼࡿ

�ࠋࡿ࠸࡚

QC1E ࡿ࠸࡚ࢀࡽࡅྲྀࡀࢡᛶయ࣮ࣚ☢ࡣ

ࠊࣚࡀ ࡀࢡ࣮ Belle-II ࡢࢻࣀࣞࢯ 1.5 T ☢ሙ࡛☢

Ẽ㣬࠺ࡼ࠸࡞ࡋ⿵ṇ࡛ࢻࣀࣞࢯ Belle-II ࢯ

3ࠋࡿ࠸࡚ࡋᡴᾘࢆሙ☢ࢻࣀࣞ ḟඖ☢ሙゎᯒ

㒊୍ࡣ࡛ࢻࣀࣞࢯṇ⿵ࡓࢀࡉタィࡾࡼ Belle-II
QC1Eࠊࡋ␃ṧࡀሙ☢ࢻࣀࣞࢯ ྾ࢡ࣮ࣚࡢ

ࢡᛶ࣮ࣚ☢ࠊⅭࡢࡇࠋࡿ࠸࡚ࡗศࡀࡇࡿࢀࡉ

ཬࡧ☢ᛶࢆᣢࡘ㒊ရࠊࡣí 0.5 T㹼0.5 T ⛬ᗘࡢ☢ሙ

ศᕸࢆᣢࠋࡿ࠸࡚ࡗᅗ 17 QC1REࠊࡣ ࢇ㎸⤌ࢆ

࣮ࣅ㝧㟁Ꮚࠋࡓࡋ♧ࢆ㠃ᅗ᩿ࢺࢵࢱࢫ࢜ࣛࢡࡔ

ࡗᣢࢆᕪゅᗘࡀ࣒࣮ࣥࣛࣅ㟁Ꮚ࣒ࣥࣛ

IPࠊࡵࡓࡿ࠸࡚ ᐜჾ࣒࢘ࣜ࣊⏝㝧㟁Ꮚࡃ㏆࡙

ෆ⟄ࡀ QC1RE ࢆ㒊୍ࡢࢡ࣮ࣚࡋ΅ᖸࢡ࣮ࣚ

ᘼ≧๐ࠋࡿ࠸࡚ࡗ㟁Ꮚࡣୖ࣒࣮ࣥࣛࣅ☢Ẽ

ࡢࡇࠋࡿ࠸࡚ࢀࡽࡅྲྀࡀࢻ࣮ࣝࢩ QC1E࣮ࣚࢡ

ᙧ≧ࠊ࡚࠸⏝ࢆQC1E ࣒࣮ࣥࣛࣅ㝧㟁Ꮚࡽ

㕲࡚ࡋᮦ㉁ࡢࢡ࣮ࣚࠋࡓࡋ⟭ィࢆሙ㔞☢ࢀ₃ࡢ

࣮ࣝࣗࢪ࣓࣮ࣥࣃࠋࡓ࠸⏝ࢆ࣮ࣝࣗࢪ࣓࣮ࣥࣃ

ࡀሙ☢ࡢẼ㣬☢ࠊࡣ 2.30 T ࡢ⣧㕲 2 T 㧗ࡾࡼ

ᅗࠋ࠸ 18 QC1REࠊࡣ ࢆ 1577 A ࡢሙྜࡓࡋ☢ບ

ศࡢሙᙉᗘ☢ࡢෆࢻ࣮ࣝࢩẼ☢ࠊࢡ࣮ࣚࠊࣝࢥ

ᕸࠋࡿ࠸࡚ࡋ♧ࢆᅗ ᅗࠊ19 20 ෆࢡ࣮ࣚࠊࡣ 0.5 
T ࢆィ⟬⤖ᯝࡢሙྜࡿ࠶ࡀሙ☢ࢻࣀࣞࢯ␃ṧࡢ

࣒࣮ࣛࣅ㝧㟁Ꮚࠊሙྜࡓ࠸⏝ࢆ㕲ࠋࡿ࠶࡚ࡋ♧

ࡢ࡛ୖࣥ QC1RE ⣙ࡣሙ☢ࢀ₃ࡢࡽ 1.8 Gauss ࡛
ሙࡓ࠸⏝ࢆ࣮ࣝࣗࢪ࣓࣮ࣥࣃࠊ࡚ࡋᑐࡢࡿ࠶

Gauss 0.2ࠊྜ ௨ୗࢀ₃࡛ࡲ☢ሙࢆᢚ࡛ࡀࡇࡿ࠼

QC1Eࠊࡶࢆィ⟬⤖ᯝ࡞࠺ࡼࡢࡇࠋࡿ࠸࡚ࡁ ࡢ

࣮ࣗࢪ࣓࣮ࣥࣃࡣᮦᩱࢻ࣮ࣝࢩẼ☢ࢡ࣮ࣚ

 ࠋࡓࢀࡉ⏝ࡀࣝ

⾲ 6 QC1LE 䛸 QC1RE䛾䝟䝷䝯䞊䝍 

Gd 
Id 
Bp 
RL 
㉸ఏᑟᶵ䝁䜲䝹ᙧ≧ 
➨ 1 䝁䜲䝹 

Ri-c1/Ro-c1 
Lc1 
Tc1 

➨ 2 䝁䜲䝹 
Ri-c2/Ro-c2 
Lc2 
Tc2 

Ri-col/Ro-col 
䝶䞊䜽ෆ/እ༙ᚄ, Ri-y/ Ro-y 
Lpm 
Lem 
L 
Rutherford㉸ఏᑟ䜿䞊䝤䝹 
䝇䝖䝷䞁䝗䝽䜲䝲䞊 

Ic@ 5T, 4.22 K 
Rutherford䜿䞊䝤䝹 
䜻䞊䝇䝖䞁ゅᗘ䚸Tk 

91.57 
T/m2,000 A 

3.50 T 
73.4 % 

 
 

33.0/35.7mm 
401.1 mm 

16 
 

35.8/38.4 mm 
396.6 mm 

18 
38.8/47.0 mm 
47.0/70.0 mm 

455.4 mm 
373.1 mm 

2.19 mH 
NbTi 

 
307 A 

 
1.59 deg. 

⾲ 7  QC1E䛾タィㄗᕪ☢ሙ㻌 @Rref=15 mm 

ㄗᕪ☢ሙᡂศ 2ḟඖ䚸units 3ḟඖ䚸units 
b4 
b6 
b8 
b10 
b12 
b14 

0 
-0.05 

0 
-0.26 

0 
-0.01 

-0.01 
-0.03 
0.04 

-0.33 
0.04 

-0.06 

 
 

ᅗ 17  QC1RE IPഃ䛾䜽䝷䜲䜸䝇䝍䝑䝖᩿㠃 

㸳㸫 12



ࣝ࿘᪉ྥ≦ࢳ࣮⢭ᗘࡃࡼ㓄⨨ࡵࡓࡿࡍ

QC1P Rutherford ࢣ㉸ఏᑟࠋࡓࢀࡉᕤࣝࣈ࣮ࢣ

ᅗࢆ㠃ᅗ᩿ࡢࣝࣈ࣮ 14  ࠋࡓࡋ♧
ຍ㏿ჾ⏝㟁☢▼୍ࠊࡣ⯡ⓗࡢࡑࡣ㟁☢▼ࡀⓎ

࡚ࡋᑐሙᡂศ☢ࡿࡍ⏕ 1×10-4㸦1 units㸧௨ୗࡢ

ㄗᕪ☢ሙ࡛ࡀࡇࡿ࠶せồࠋࡿࢀࡉQC1P ሙ☢ࡢ

タィ4ࠊࡶ࡚࠸ ḟ௨ୖࡢ㧗ḟࡢ☢ሙᡂศᑐ

࡚ࡋ 1 units ௨ୗ࠺ࡼࡿ࡞タィࡲࠋࡿ࠸࡚ࢀࡉ

ᅗࠊࡎ 13 㟁☢▼᩿㠃㸦2ࡓࡋ♧࡛ ḟඖ㸧࡛ࢥࡢ

ࣝࢥࠊ࠸⾜ࢆ㐺᭱ࡢ⨨ࡢ࿘᪉ྥࡢࣝ 3 ḟඖ

ᙧ≧࡛ࡢ㟁☢▼యࡢㄗᕪ☢ሙ1ࢆ units௨ୗ࡞

☢ࠋࡓࡗ⾜ࢆ㐺᭱ࡢ≦ᙧࡢ㒊➃ࣝࢥ࠺ࡼࡿ

ሙタィ⤖ᯝࢆ⾲ 5 ༙⪄ཧࠊࡣ್ࡢ୰⾲ࠋࡓࡋ♧

ᚄ�Rref�10 mm ࢀࡉ⟭ィࡽሙศᕸ☢ࡢ࡛⨨ࡢ

2ࠋࡓ ḟඖ㟁☢▼᩿㠃タィࣔࠊࣝࢹ㟁☢▼యࡢ

3 ḟඖࣔࡶࣝࢹ㧗ḟࡢㄗᕪᡂศࡣ 1�units ௨ୗ

ᅗࠋࡿ࠸࡚ࢀࡉㄪᩚ 15 ࡓࡋᡂ QC1LP 

QC1RP SUSࠊࣝࢥ㉸ఏᑟࡓࡋ〇స⏝ ࣮ࣛ࢝

 ࠋࡓࡋ♧ࢆ

������� ㉸ఏᑟ)/�&4ࠊ)�5&4 4 ᴟ㟁☢▼ 

 QC1RE  QC1LE HERࠊࡣ ࡛ୖ࣒࣮ࣥࣛࣅ

IP ࡓࢀࡉ⨨㓄⨨࠸㏆ࡶ᭱ 4 ᴟ㟁☢▼࡛ࠊ☢

ᛶయࢆࢡ࣮ࣚࡢ SUS ࠋࡿ࠸࡚ࡗᣢእ࿘㒊࣮ࣛ࢝

☢ᛶయ࣮ࣚࡾࡼࢡ QC1E ࡽ LER ࣒࣮ࣛࣅ

࡞࠼ࢆᙳ㡪㐠㌿࣒࣮ࣅࡣࢀ₃ࡢሙ☢ࡢࣥ

ࡢࡇ௨ୗࠋࡿ࠸࡚ࡏࡉῶᑡ࡛ࡲࣝ࣋ࣞ࠸ 4 ᴟ㟁

☢▼タィ᳨ࡢウ࡚࠸ࡘㄝ᫂ࠋࡿࡍ�

QC1E ࢆ≦ᙧࣝࢥ㉸ఏᑟ㟁☢▼᩿㠃タィࡢ

ᅗ 16 QC1Eࠋࡓࡋ♧ QC1Pࠊࡣ㠃タィ᩿ࣝࢥࡢ
ࢣ㉸ఏᑟ࠺ࡼࡿసࢆ㟁ὶศᕸࡢcos(2T)ࠊᵝྠ

QC1Eࠋࡿ࠸࡚ࡋ⨨㓄ࢆࣝࣈ࣮ ࡢ࡚ࡋ▼☢㟁ࡢ

⾲ࠊࡣࢱ࣮࣓ࣛࣃ 6 QC1Eࠋࡓࡋ♧ ࡣ QC1P ࡼ

ࡾ IP ࡢࡿࢀࡉ⨨タୖ࣒࣮ࣥࣛࣅࡓࢀ㞳ࡽ

➨ࠊ࡛ 1 ࡣෆ༙ᚄࣝࢥ QC1P ࡃࡁࡶࡾࡼ Ri-c1

㸻33.0 mm ࡣእᚄ࣮ࣛ࢝ࠊ࡛ Ro-col㸻47.0 mmࣚࠊ

እ༙ᚄࢡ࣮ Ro-y㸻70.0 mm ࡣタィ㟁ὶ್ࠋࡿ࠶࡛

Id 㸻2000 A ࡛タィࠊࡾ࠾࡚ࢀࡉⓎ⏕ࡿࡍ☢ሙ໙㓄

ࡣ Gd㸻91.57 T/m ࡉ⏝ࣝࢥ㉸ఏᑟࠋࡿ࠶࡛

ࢱ࣮࣓ࣛࣃ࡞ᇶᮏⓗࡢࣝࣈ࣮ࢣ㉸ఏᑟࡿ࠸࡚ࢀ

 

ᅗ 15: QC1LP䠄ୖ䠅䚸QC1RP ⏝㉸ఏᑟ䝁䜲䝹䠄ୗ䠅䚸
SUS䜹䝷䞊䠄䝁䜲䝹ᕥഃ䠅 

⾲ 5  QC1P䛾タィㄗᕪ☢ሙ㻌 @Rref=10 mm 

ㄗᕪ☢ሙᡂศ 2ḟඖ䚸units 3ḟඖ䚸units 
b4 
b6 
b8 
b10 
b12 
b14 

0 
0.10 

0 
-0.21 
0.00 
0.02 

0.24 
0.54 
0.01 

-0.21 
0.00 
0.00 

 
 

 
ᅗ 16  QC1E䛾☢▼᩿㠃タィ䛸䝁䜲䝹ᙧ≧ 

ࡣ QC1P ࣮࢟ࡓࢀࡽࡅࡘࣝࣈ࣮ࢣࠊࡀࡔࡌྠ

࡚ࡏࢃྜෆᚄࣝࢥࡣゅᗘ㸦Tk㸧ࣥࢺࢫ 1.59 ᗘ

�ࠋࡿ࠸࡚ࢀࡉタᐃ

QC1E ⾲ࡣタィㄗᕪ☢ሙࡢ 7 ሙ☢ࠊࢀࡽࡵ⧳

ホ౯༙ᚄࡢ Rref=15 mm ࡚࠸࠾ 1 units ௨ୗ࡞

ࢀࡉタィࡀ≦㒊ᙧ➃ࣝࢥࠊ㠃᩿ࣝࢥ࠺ࡼࡿ

�ࠋࡿ࠸࡚

QC1E ࡿ࠸࡚ࢀࡽࡅྲྀࡀࢡᛶయ࣮ࣚ☢ࡣ

ࠊࣚࡀ ࡀࢡ࣮ Belle-II ࡢࢻࣀࣞࢯ 1.5 T ☢ሙ࡛☢

Ẽ㣬࠺ࡼ࠸࡞ࡋ⿵ṇ࡛ࢻࣀࣞࢯ Belle-II ࢯ

3ࠋࡿ࠸࡚ࡋᡴᾘࢆሙ☢ࢻࣀࣞ ḟඖ☢ሙゎᯒ

㒊୍ࡣ࡛ࢻࣀࣞࢯṇ⿵ࡓࢀࡉタィࡾࡼ Belle-II
QC1Eࠊࡋ␃ṧࡀሙ☢ࢻࣀࣞࢯ ྾ࢡ࣮ࣚࡢ

ࢡᛶ࣮ࣚ☢ࠊⅭࡢࡇࠋࡿ࠸࡚ࡗศࡀࡇࡿࢀࡉ

ཬࡧ☢ᛶࢆᣢࡘ㒊ရࠊࡣí 0.5 T㹼0.5 T ⛬ᗘࡢ☢ሙ

ศᕸࢆᣢࠋࡿ࠸࡚ࡗᅗ 17 QC1REࠊࡣ ࢇ㎸⤌ࢆ

࣮ࣅ㝧㟁Ꮚࠋࡓࡋ♧ࢆ㠃ᅗ᩿ࢺࢵࢱࢫ࢜ࣛࢡࡔ

ࡗᣢࢆᕪゅᗘࡀ࣒࣮ࣥࣛࣅ㟁Ꮚ࣒ࣥࣛ

IPࠊࡵࡓࡿ࠸࡚ ᐜჾ࣒࢘ࣜ࣊⏝㝧㟁Ꮚࡃ㏆࡙

ෆ⟄ࡀ QC1RE ࢆ㒊୍ࡢࢡ࣮ࣚࡋ΅ᖸࢡ࣮ࣚ

ᘼ≧๐ࠋࡿ࠸࡚ࡗ㟁Ꮚࡣୖ࣒࣮ࣥࣛࣅ☢Ẽ

ࡢࡇࠋࡿ࠸࡚ࢀࡽࡅྲྀࡀࢻ࣮ࣝࢩ QC1E࣮ࣚࢡ

ᙧ≧ࠊ࡚࠸⏝ࢆQC1E ࣒࣮ࣥࣛࣅ㝧㟁Ꮚࡽ

㕲࡚ࡋᮦ㉁ࡢࢡ࣮ࣚࠋࡓࡋ⟭ィࢆሙ㔞☢ࢀ₃ࡢ

࣮ࣝࣗࢪ࣓࣮ࣥࣃࠋࡓ࠸⏝ࢆ࣮ࣝࣗࢪ࣓࣮ࣥࣃ

ࡀሙ☢ࡢẼ㣬☢ࠊࡣ 2.30 T ࡢ⣧㕲 2 T 㧗ࡾࡼ

ᅗࠋ࠸ 18 QC1REࠊࡣ ࢆ 1577 A ࡢሙྜࡓࡋ☢ບ

ศࡢሙᙉᗘ☢ࡢෆࢻ࣮ࣝࢩẼ☢ࠊࢡ࣮ࣚࠊࣝࢥ

ᕸࠋࡿ࠸࡚ࡋ♧ࢆᅗ ᅗࠊ19 20 ෆࢡ࣮ࣚࠊࡣ 0.5 
T ࢆィ⟬⤖ᯝࡢሙྜࡿ࠶ࡀሙ☢ࢻࣀࣞࢯ␃ṧࡢ

࣒࣮ࣛࣅ㝧㟁Ꮚࠊሙྜࡓ࠸⏝ࢆ㕲ࠋࡿ࠶࡚ࡋ♧

ࡢ࡛ୖࣥ QC1RE ⣙ࡣሙ☢ࢀ₃ࡢࡽ 1.8 Gauss ࡛
ሙࡓ࠸⏝ࢆ࣮ࣝࣗࢪ࣓࣮ࣥࣃࠊ࡚ࡋᑐࡢࡿ࠶

Gauss 0.2ࠊྜ ௨ୗࢀ₃࡛ࡲ☢ሙࢆᢚ࡛ࡀࡇࡿ࠼

QC1Eࠊࡶࢆィ⟬⤖ᯝ࡞࠺ࡼࡢࡇࠋࡿ࠸࡚ࡁ ࡢ

࣮ࣗࢪ࣓࣮ࣥࣃࡣᮦᩱࢻ࣮ࣝࢩẼ☢ࢡ࣮ࣚ

 ࠋࡓࢀࡉ⏝ࡀࣝ

⾲ 6 QC1LE 䛸 QC1RE䛾䝟䝷䝯䞊䝍 

Gd 
Id 
Bp 
RL 
㉸ఏᑟᶵ䝁䜲䝹ᙧ≧ 
➨ 1 䝁䜲䝹 

Ri-c1/Ro-c1 
Lc1 
Tc1 

➨ 2 䝁䜲䝹 
Ri-c2/Ro-c2 
Lc2 
Tc2 

Ri-col/Ro-col 
䝶䞊䜽ෆ/እ༙ᚄ, Ri-y/ Ro-y 
Lpm 
Lem 
L 
Rutherford㉸ఏᑟ䜿䞊䝤䝹 
䝇䝖䝷䞁䝗䝽䜲䝲䞊 

Ic@ 5T, 4.22 K 
Rutherford䜿䞊䝤䝹 
䜻䞊䝇䝖䞁ゅᗘ䚸Tk 

91.57 
T/m2,000 A 

3.50 T 
73.4 % 

 
 

33.0/35.7mm 
401.1 mm 

16 
 

35.8/38.4 mm 
396.6 mm 

18 
38.8/47.0 mm 
47.0/70.0 mm 

455.4 mm 
373.1 mm 

2.19 mH 
NbTi 

 
307 A 

 
1.59 deg. 

⾲ 7  QC1E䛾タィㄗᕪ☢ሙ㻌 @Rref=15 mm 

ㄗᕪ☢ሙᡂศ 2ḟඖ䚸units 3ḟඖ䚸units 
b4 
b6 
b8 
b10 
b12 
b14 

0 
-0.05 

0 
-0.26 

0 
-0.01 

-0.01 
-0.03 
0.04 

-0.33 
0.04 

-0.06 

 
 

ᅗ 17  QC1RE IPഃ䛾䜽䝷䜲䜸䝇䝍䝑䝖᩿㠃 

㸳㸫 13㸳㸫 12



������� 3㉸ఏᑟ/�&4ࠊ�53&4 4 ᴟ㟁☢▼ 

QC2RP  QC2LP ㉸ఏᑟ 4 ᴟ㟁☢▼ࠊࡣᅗ 9 

࠺ࡼࡍ♧ IP ぢ࡚ࡽ QC1PࠊQC1E 㓄ᚋ᪉ࡢ

4ࠊⅭࡢࡇࠋࡿ࠸࡚ࢀࡉ⨨ ᴟ㟁☢▼ࣝࢥෆ༙ᚄ

ࡢࡽࢀࡇࡣ 4 ᴟ㟁☢▼ࡶࡾࡼ࠸ࡁタィ࡚ࡗ࡞

QC2Pࠋࡿ࠸ ᅗࢆ≦ᙧࣝࢥ㠃タィ᩿ࡢ 21 ♧

QC2Pࠋࡓࡋ ࡢ 4 ᴟ㟁☢▼ࢆ̿ࢱ࣮࣓ࣛࣃ⾲ 8 

ࡣෆ༙ᚄࣝࢥ㸯➨ࠋࡓࡵ⧳ Ri-c1㸻53.8 mm ࠊ࡛

ࡣእ༙ᚄ࣮ࣛ࢝ Ro-col㸻68.0 mmࢡ࣮ࣚࠊእ༙ᚄ��

Ro-y㸻93.0 mm タィ㟁ὶ್ࠋࡿ࠶࡛ 1000 A ࡛

Gd=31.97 T/m ࡢ 4 ᴟ☢ሙ໙㓄ࢆⓎ⏕ࠋࡿࡍ☢▼㛗

Lpm=495.5 mm1ࠊ ᴟᙜᩘ࣮ࣥࢱࣝࣈ࣮ࢣࡢࡾࡓ 53
㸦Tc1=26 + Tc2=27㸧ࣥࢱࢡࢲࣥࡢ▼☢࡛ࡢࡿ࡞

ࢫ L ࡣ QC1P  QC1E ࡃࡁࡾࡼ 7.32 mH ࠶࡛

QC2Pࠋࡿ ⾲ࢆㄗᕪ☢ሙࡢ 9 ホ౯༙ᚄࠋࡓࡵ⧳

Rref=30 mm ࡛ 1 units ௨ୗᢚࠋࡿ࠸࡚ࢀࡽ࠼ 
 

 

 

 
ᅗ 21� QC2P  ≦ᙧࣝࢥ㠃タィ᩿▼☢ࡢ

 
ᅗ 18� � QC1RE ࢆ 1577A ࢥࡢࡓࡋ☢ບ࡛ࡲ
ࣥࢥࠋሙᙉᗘศᕸ☢ࡢࢻ࣮ࣝࢩẼ☢ࠊࢡ࣮ࣚࠊࣝ
ࡣࢪࣥࣞ♧⾲ࡢᅗ࣮ࢱ 0T~2.72T �ࠋࡿ࠶࡛

 
ᅗ 19� ࡢሙྜࡢ㕲ࡀᮦᩱࢻ࣮ࣝࢩẼ☢ࠊࢡ࣮ࣚ�
☢ሙィ⟬⤖ᯝ࣮ࢱࣥࢥࠋᅗ⾲♧⠊ᅖ㸻0㹼5 
Gaussࠋ�

 

ᅗ ࢪ࣓࣮ࣥࣃࡀᮦᩱࢻ࣮ࣝࢩẼ☢ࠊࢡ20�࣮ࣚ
♧⾲ᅗ࣮ࢱࣥࢥࠋሙィ⟬⤖ᯝ☢ࡢሙྜࡢ࣮ࣝࣗ
⠊ᅖ㸻0~5 Gaussࠋ�

 
 

 

������� ㉸ఏᑟ)/�&4ࠊ)�5&4 4 ᴟ㟁☢▼ 

QC2RE  QC2LE 㟁☢▼᩿㠃ᅗࡢ QC2LE ࡢ

㉸ఏᑟࣝࢥᙧ≧ࢆᅗ 22 2ࠋࡓࡋ♧ ࡢࡘ 4 ᴟ㟁

ࡣ㠃タィ᩿ࡢࣝࢥ㉸ఏᑟࡿ࠸࡚ࢀࢃ▼☢

ࢺࢵࢽࣘ▼☢㟁ࡓࢀࡽ࡚❧ࡳ⤌ࠊࡀࡿ࠶࡛ࡌྠ

QC2LEࠋࡿ࠸࡚ࡗ࡞␗ࡃࡁࡣ࡚ࡋ  /QC1Eࠊࡣ
QC2P ࡿࡍᅛᐃࢆࣝࢥ㉸ఏᑟ࠺ࡼࡌྠ SUS
࡞༢⣧ࡘᣢࢆࢡ࣮ࣚࡢᛶయ☢እ࿘㒊ࡢ࣮ࣛ࢝

ᵓ㐀࡛ࠊࡀࡿ࠶QC2RE ࡣ SUS  ࡢࢡ࣮࣮ࣚࣛ࢝
㛫⿵ṇࢻࣀࣞࢯ㸦ESR2㸧ࡳ⤌ࡀ㎸ࠋࡿ࠸࡚ࢀࡲ 
ᅗ 9 QCS-Rࠊ࠺ࡼࡓࡋ♧ ࢺࢵࢱࢫ࢜ࣛࢡ

⿵࣒࣮ࣥࣛࣅྛᐜჾෆ࣒࢘ࣜ࣊ᚋ᪉ࡣ

ṇࢻࣀࣞࢯ ESR2  ERS3 ࠋࡿ࠸࡚ࢀࡉ⨨タࡀ

 ESR2ࠊࡽไ⣙࡞㛫ⓗ✵ࡢෆࢺࢵࢱࢫ࢜ࣛࢡ

⿵ṇࡣࢻࣀࣞࢯ QC2RE ࣒࣮ࣥࣛࣅࡌྠ

☢ṇ㉸ఏᑟ㟁⿵ࡿࡍㄝ᫂ᚋࠋࡓࢀࡉ⨨タ⨨

ࡶ▼ QC2RE ෆ⟄タ⨨ࠊ࡛ࡢࡿ࠸࡚ࢀࡉQC2RE
࡚ࡗ࡞▼☢㉸ఏᑟ㟁࡞ከᶵ⬟࡛」㞧㠀ᖖࡣ

 ࠋࡿ࠸
QC2RE  QC2LE ⾲ࢆࢱ࣮࣓ࣛࣃ▼☢㟁ࡢ 10

4ࠋࡓࡵ⧳ ᴟ㟁☢▼ࣝࢥෆ༙ᚄ4ࠊࡣ ࡢࣉࢱ

㟁☢▼ࡢ୰࡛᭱ࡶ࠸ࡁ Ri-c1=59.3 mm  ࠋࡿ࠶࡛
タィ㟁ὶ್ࠊࡣId (2RE)=1562.5 AࠊId (2LE)=1250 A

タィࠊࡓࡲࠋࡿ࠶࡛ 4 ᴟ☢ሙ໙㓄ࠊࡣGd (2LE)= 36.39 
T/m 4ࠋࡿ࠶࡛ ᴟ㟁☢▼ࡢ㛗ࡣࡉ 2 ࡛▼☢㟁ࡢࡘ

Lpm(2LE)= 537.0 mmࠊLpm(2RE)= 419.0 mmࠊࡾ࡞␗ ࡛

QC2REࠊࡣࢀࡇࠋࡿ࠶  QC2LE ࡢ IP  ㊥ࡢࡽ

⾲ 8  QC2LP 䛸 QC2RP䛾䝟䝷䝯䞊䝍 

Gd 
Id 
Bp 
RL 
㉸ఏᑟᶵ䝁䜲䝹ᙧ≧ 
➨ 1 䝁䜲䝹 

Ri-c1/Ro-c1 
Lc1 
Tc1 

➨ 2 䝁䜲䝹 
Ri-c2/Ro-c2 
Lc2 
Tc2 

Ri-col/Ro-col 
Ri-y/ Ro-y 
Lpm 
Lem 
L 
Rutherford㉸ఏᑟ䜿䞊䝤䝹 
䝽䜲䝲䞊 Ic@ 5T, 4.22 K 
Tk 

31.97 T/m 
1,000 A 

2.43 T 
44 % 

 
 

53.8/56.5 mm 
442.3 mm 

26 
 

56.6/59.2 mm 
443.6 mm 

27 
59.6/68.0 mm 
68.0/93.0 mm 

495.5 mm 
409.9 mm 

7.32 mH 
NbTi 

309 A 
1.00 deg. 

⾲ 9  QC2P䛾タィㄗᕪ☢ሙ㻌 @Rref=30 mm 

ㄗᕪ☢ሙᡂศ 2ḟඖ䚸units 3ḟඖ䚸units 
b4 
b6 
b8 
b10 
b12 
b14 

0 
í0.003 

0 
í0.10 

0 
í0.03 

í0.04 
0.18 
0.08 

í0.96 
0.02 

-0.07 

⾲ 11 QC2RE/2LE䛾タィㄗᕪ☢ሙ㻌 @Rref=35 mm 

ㄗᕪ☢
ሙᡂศ 

2ḟඖ䚸units 
QC2RE/QC2LE 

3ḟඖ䚸units 
QC2RE/QC2LE 

b4 
b6 
b8 
b10 
b12 
b14 

0 
-0.19 

0 
-0.11 

0 
0.03 

0 
-0.16 

0 
-0.09 

0 
0.02 

0.07 
-0.04 
0.06 

-1.88 
0.03 

-0.05 

0.05 
-0.09 
0.04 

-1.30 
0.02 

-0.03 

⾲ 10 QC2LE 䛸 QC2RE䛾䝟䝷䝯䞊䝍 

Gd (2RE, 2LE) 
Id (2RE, 2LE) 
Bp (2RE, 2LE) 
RL (2RE, 2LE) 
㉸ఏᑟᶵ䝁䜲䝹ᙧ≧ 
➨ 1 䝁䜲䝹 

Ri-c1/Ro-c1 
Lc1 (2RE, 2LE) 
Tc1 

➨ 2 䝁䜲䝹 
Ri-c2/Ro-c2 
Lc2 (2RE, 2LE) 
Tc2 

Ri-col/Ro-col 
Ri-y/ Ro-y (2RE) 
Ri-y/ Ro-y (2LE) 
Lpm (2RE, 2LE) 
Lem (2RE, 2LE) 
L (2RE, 2LE) 
㉸ఏᑟ䜿䞊䝤䝹 
䝽䜲䝲䞊 Ic@ 5T, 4.22 K 
Tk 

38.56, 36.39 T/m 
1562.5, 1250.0 A 

2.81, 2.63 T 
57.4, 50.0 % 

 
 

59.3/62.0 mm 
451.1, 569.1 mm 

28 
 

56.6/59.2 mm 
455.9, 573.9 mm 

30 
65.1/75.0 mm 
85/108.5 mm 
75/115.0 mm 

560.7, 618.0 mm 
419.0, 537.0 mm 
10.36, 13.28 mH 

NbTi 
313 A 

0.94 deg. 

㸳㸫 14



������� 3㉸ఏᑟ/�&4ࠊ�53&4 4 ᴟ㟁☢▼ 

QC2RP  QC2LP ㉸ఏᑟ 4 ᴟ㟁☢▼ࠊࡣᅗ 9 

࠺ࡼࡍ♧ IP ぢ࡚ࡽ QC1PࠊQC1E 㓄ᚋ᪉ࡢ

4ࠊⅭࡢࡇࠋࡿ࠸࡚ࢀࡉ⨨ ᴟ㟁☢▼ࣝࢥෆ༙ᚄ

ࡢࡽࢀࡇࡣ 4 ᴟ㟁☢▼ࡶࡾࡼ࠸ࡁタィ࡚ࡗ࡞

QC2Pࠋࡿ࠸ ᅗࢆ≦ᙧࣝࢥ㠃タィ᩿ࡢ 21 ♧

QC2Pࠋࡓࡋ ࡢ 4 ᴟ㟁☢▼ࢆ̿ࢱ࣮࣓ࣛࣃ⾲ 8 

ࡣෆ༙ᚄࣝࢥ㸯➨ࠋࡓࡵ⧳ Ri-c1㸻53.8 mm ࠊ࡛

ࡣእ༙ᚄ࣮ࣛ࢝ Ro-col㸻68.0 mmࢡ࣮ࣚࠊእ༙ᚄ��

Ro-y㸻93.0 mm タィ㟁ὶ್ࠋࡿ࠶࡛ 1000 A ࡛

Gd=31.97 T/m ࡢ 4 ᴟ☢ሙ໙㓄ࢆⓎ⏕ࠋࡿࡍ☢▼㛗

Lpm=495.5 mm1ࠊ ᴟᙜᩘ࣮ࣥࢱࣝࣈ࣮ࢣࡢࡾࡓ 53
㸦Tc1=26 + Tc2=27㸧ࣥࢱࢡࢲࣥࡢ▼☢࡛ࡢࡿ࡞

ࢫ L ࡣ QC1P  QC1E ࡃࡁࡾࡼ 7.32 mH ࠶࡛

QC2Pࠋࡿ ⾲ࢆㄗᕪ☢ሙࡢ 9 ホ౯༙ᚄࠋࡓࡵ⧳

Rref=30 mm ࡛ 1 units ௨ୗᢚࠋࡿ࠸࡚ࢀࡽ࠼ 
 

 

 

 
ᅗ 21� QC2P  ≦ᙧࣝࢥ㠃タィ᩿▼☢ࡢ

 
ᅗ 18� � QC1RE ࢆ 1577A ࢥࡢࡓࡋ☢ບ࡛ࡲ
ࣥࢥࠋሙᙉᗘศᕸ☢ࡢࢻ࣮ࣝࢩẼ☢ࠊࢡ࣮ࣚࠊࣝ
ࡣࢪࣥࣞ♧⾲ࡢᅗ࣮ࢱ 0T~2.72T �ࠋࡿ࠶࡛

 
ᅗ 19� ࡢሙྜࡢ㕲ࡀᮦᩱࢻ࣮ࣝࢩẼ☢ࠊࢡ࣮ࣚ�
☢ሙィ⟬⤖ᯝ࣮ࢱࣥࢥࠋᅗ⾲♧⠊ᅖ㸻0㹼5 
Gaussࠋ�

 

ᅗ ࢪ࣓࣮ࣥࣃࡀᮦᩱࢻ࣮ࣝࢩẼ☢ࠊࢡ20�࣮ࣚ
♧⾲ᅗ࣮ࢱࣥࢥࠋሙィ⟬⤖ᯝ☢ࡢሙྜࡢ࣮ࣝࣗ
⠊ᅖ㸻0~5 Gaussࠋ�

 
 

 

������� ㉸ఏᑟ)/�&4ࠊ)�5&4 4 ᴟ㟁☢▼ 

QC2RE  QC2LE 㟁☢▼᩿㠃ᅗࡢ QC2LE ࡢ

㉸ఏᑟࣝࢥᙧ≧ࢆᅗ 22 2ࠋࡓࡋ♧ ࡢࡘ 4 ᴟ㟁

ࡣ㠃タィ᩿ࡢࣝࢥ㉸ఏᑟࡿ࠸࡚ࢀࢃ▼☢

ࢺࢵࢽࣘ▼☢㟁ࡓࢀࡽ࡚❧ࡳ⤌ࠊࡀࡿ࠶࡛ࡌྠ

QC2LEࠋࡿ࠸࡚ࡗ࡞␗ࡃࡁࡣ࡚ࡋ  /QC1Eࠊࡣ
QC2P ࡿࡍᅛᐃࢆࣝࢥ㉸ఏᑟ࠺ࡼࡌྠ SUS
࡞༢⣧ࡘᣢࢆࢡ࣮ࣚࡢᛶయ☢እ࿘㒊ࡢ࣮ࣛ࢝

ᵓ㐀࡛ࠊࡀࡿ࠶QC2RE ࡣ SUS  ࡢࢡ࣮࣮ࣚࣛ࢝
㛫⿵ṇࢻࣀࣞࢯ㸦ESR2㸧ࡳ⤌ࡀ㎸ࠋࡿ࠸࡚ࢀࡲ 
ᅗ 9 QCS-Rࠊ࠺ࡼࡓࡋ♧ ࢺࢵࢱࢫ࢜ࣛࢡ

⿵࣒࣮ࣥࣛࣅྛᐜჾෆ࣒࢘ࣜ࣊ᚋ᪉ࡣ

ṇࢻࣀࣞࢯ ESR2  ERS3 ࠋࡿ࠸࡚ࢀࡉ⨨タࡀ

 ESR2ࠊࡽไ⣙࡞㛫ⓗ✵ࡢෆࢺࢵࢱࢫ࢜ࣛࢡ

⿵ṇࡣࢻࣀࣞࢯ QC2RE ࣒࣮ࣥࣛࣅࡌྠ

☢ṇ㉸ఏᑟ㟁⿵ࡿࡍㄝ᫂ᚋࠋࡓࢀࡉ⨨タ⨨

ࡶ▼ QC2RE ෆ⟄タ⨨ࠊ࡛ࡢࡿ࠸࡚ࢀࡉQC2RE
࡚ࡗ࡞▼☢㉸ఏᑟ㟁࡞ከᶵ⬟࡛」㞧㠀ᖖࡣ

 ࠋࡿ࠸
QC2RE  QC2LE ⾲ࢆࢱ࣮࣓ࣛࣃ▼☢㟁ࡢ 10

4ࠋࡓࡵ⧳ ᴟ㟁☢▼ࣝࢥෆ༙ᚄ4ࠊࡣ ࡢࣉࢱ

㟁☢▼ࡢ୰࡛᭱ࡶ࠸ࡁ Ri-c1=59.3 mm  ࠋࡿ࠶࡛
タィ㟁ὶ್ࠊࡣId (2RE)=1562.5 AࠊId (2LE)=1250 A

タィࠊࡓࡲࠋࡿ࠶࡛ 4 ᴟ☢ሙ໙㓄ࠊࡣGd (2LE)= 36.39 
T/m 4ࠋࡿ࠶࡛ ᴟ㟁☢▼ࡢ㛗ࡣࡉ 2 ࡛▼☢㟁ࡢࡘ

Lpm(2LE)= 537.0 mmࠊLpm(2RE)= 419.0 mmࠊࡾ࡞␗ ࡛

QC2REࠊࡣࢀࡇࠋࡿ࠶  QC2LE ࡢ IP  ㊥ࡢࡽ

⾲ 8  QC2LP 䛸 QC2RP䛾䝟䝷䝯䞊䝍 

Gd 
Id 
Bp 
RL 
㉸ఏᑟᶵ䝁䜲䝹ᙧ≧ 
➨ 1 䝁䜲䝹 

Ri-c1/Ro-c1 
Lc1 
Tc1 

➨ 2 䝁䜲䝹 
Ri-c2/Ro-c2 
Lc2 
Tc2 

Ri-col/Ro-col 
Ri-y/ Ro-y 
Lpm 
Lem 
L 
Rutherford㉸ఏᑟ䜿䞊䝤䝹 
䝽䜲䝲䞊 Ic@ 5T, 4.22 K 
Tk 

31.97 T/m 
1,000 A 

2.43 T 
44 % 

 
 

53.8/56.5 mm 
442.3 mm 

26 
 

56.6/59.2 mm 
443.6 mm 

27 
59.6/68.0 mm 
68.0/93.0 mm 

495.5 mm 
409.9 mm 

7.32 mH 
NbTi 

309 A 
1.00 deg. 

⾲ 9  QC2P䛾タィㄗᕪ☢ሙ㻌 @Rref=30 mm 

ㄗᕪ☢ሙᡂศ 2ḟඖ䚸units 3ḟඖ䚸units 
b4 
b6 
b8 
b10 
b12 
b14 

0 
í0.003 

0 
í0.10 

0 
í0.03 

í0.04 
0.18 
0.08 

í0.96 
0.02 

-0.07 

⾲ 11 QC2RE/2LE䛾タィㄗᕪ☢ሙ㻌 @Rref=35 mm 

ㄗᕪ☢
ሙᡂศ 

2ḟඖ䚸units 
QC2RE/QC2LE 

3ḟඖ䚸units 
QC2RE/QC2LE 

b4 
b6 
b8 
b10 
b12 
b14 

0 
-0.19 

0 
-0.11 

0 
0.03 

0 
-0.16 

0 
-0.09 

0 
0.02 

0.07 
-0.04 
0.06 

-1.88 
0.03 

-0.05 

0.05 
-0.09 
0.04 

-1.30 
0.02 

-0.03 

⾲ 10 QC2LE 䛸 QC2RE䛾䝟䝷䝯䞊䝍 

Gd (2RE, 2LE) 
Id (2RE, 2LE) 
Bp (2RE, 2LE) 
RL (2RE, 2LE) 
㉸ఏᑟᶵ䝁䜲䝹ᙧ≧ 
➨ 1 䝁䜲䝹 

Ri-c1/Ro-c1 
Lc1 (2RE, 2LE) 
Tc1 

➨ 2 䝁䜲䝹 
Ri-c2/Ro-c2 
Lc2 (2RE, 2LE) 
Tc2 

Ri-col/Ro-col 
Ri-y/ Ro-y (2RE) 
Ri-y/ Ro-y (2LE) 
Lpm (2RE, 2LE) 
Lem (2RE, 2LE) 
L (2RE, 2LE) 
㉸ఏᑟ䜿䞊䝤䝹 
䝽䜲䝲䞊 Ic@ 5T, 4.22 K 
Tk 

38.56, 36.39 T/m 
1562.5, 1250.0 A 

2.81, 2.63 T 
57.4, 50.0 % 

 
 

59.3/62.0 mm 
451.1, 569.1 mm 

28 
 

56.6/59.2 mm 
455.9, 573.9 mm 

30 
65.1/75.0 mm 
85/108.5 mm 
75/115.0 mm 

560.7, 618.0 mm 
419.0, 537.0 mm 
10.36, 13.28 mH 

NbTi 
313 A 

0.94 deg. 

㸳㸫 15㸳㸫 14



㞳ࡇࡿ࡞␗ࡀ Belle-II  ᐃჾࣛࢢࢡࢵࣂࡢ

 ࠋࡓࢀࡉタᐃࡵࡓࡢపῶࡢࢬࣀࢻࣥ
2 ࡢࡶ࡚࠸ࡘㄗᕪ☢ሙࡢ▼☢㟁ࡢྎ 4 ᴟ㟁

2ࠊᵝྠ▼☢ ḟඖࡢ☢▼᩿㠃ࣔࣝࢹ㉸ఏᑟࢥ

≦ᙧࡢࣝ 3 ḟඖ࡚ࣔ࠸⏝ࢆࣝࢹィ⟬2ࠋࡓࢀࡉ
ḟඖ᩿㠃࡛ࠊࡣホ౯༙ᚄ Rref=35 mm ࡛ከᴟᡂศࡣ

1 units ௨ୗࣝࢥࠊࡀࡿ࠸࡚ࡗ࡞➃㒊ࡔࢇྵࢆ

3 ḟඖ☢ሙィ⟬࡛ࠊࡣnormal 20 ᴟᡂศ㸦b10㸧ࡀ

QC2RE QC2LEࠊí1.88 unitsࡣ࡛ í1.30 unitsࡣ࡛ ࠶
ࢀࡽࢀධࡾྲྀ⟭ィࡢගᏛ࣒࣮ࣅࡣᯝ⤖ࡢࡇࠊࡾ

 ࠋࡿ࠸࡚ࢀࡉㄆ☜ࡀࡇ࠸࡞㐠㌿ୖၥ㢟࣒࣮ࣅ࡚

����� ㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ☢ሙ ᐃ ᐃ⤖ᯝ 

㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ☢ሙ ᐃ࡛ࠊࡣඛࡎタィ㟁

ὶ࡛ 4 ᴟ☢ሙ໙㓄ࢆసࠊࡿ࠸࡚ࡁ࡛ࡀࡇࡿຍ

㏿ჾ㐠㌿࡚ࡗ࣒࣮ࣅㄗᕪ☢ሙࡿ࡞ከ

ᴟ☢ሙᡂศࡀタィ್㏻ࡾᢚ4ࠊࡿ࠸࡚ࢀࡽ࠼ ᴟ

☢ሙࢺࢵࢱࢫ࢜ࣛࢡࡀ࣮ࢱࣥࢭタ⨨ࡓࢀࡉ

ᇶ‽⨨ᑐࡢ࡚ࡋ⛬ᗘࡢㄗᕪࢆᣢࡿ࠸࡚ࡗ

㞟᮰⏝㉸ఏᑟ⤊࣒࣮᭱ࣅࠊࡓࡲࠋࡓࡋᐃ ࢆ 4
ᴟ㟁☢▼ࡢሙྜࠊ㟁☢▼ෆ㒊࣒࣮ࣥࣛࣅࡢἢ

ࡵࡓࡿ࠼ࢆᙳ㡪㐠㌿࣒࣮ࣅࡶሙศᕸ☢ࡓࡗ

≉Ṧ࡞☢ሙ ᐃჾࡀᚲせࡽࢀࡇࠋࡿ࡞☢ሙ ᐃ

ჾࢆ⡆༢ㄝ᫂ࠊ࡚ࡋ〇సࡓࢀࡉ 8 ㉸ఏᑟࡢྎ 4
ᴟ㟁☢▼ࡢ☢ሙ ᐃ⤖ᯝ࡚࠸ࡘㄝ᫂ࠋࡿࡍ 

������� ☢ሙ ᐃ⨨ 

4 ᴟ☢ሙᙉᗘࠊㄗᕪ☢ሙከᴟ☢ሙᡂศࠊ☢▼㍈

Tangentialࠊࡣศᕸࡢሙᡂศ☢ࡓࡗἢ ⤌ࢆࣝࢥ

ࡓࡏࢃྜࡳ Harmonic ࢆࣝࢥ 4 ᴟ㟁☢▼ࣝࢥ

ෆ⟄ࡢᐊ ✵㛫࡛ᅇ㌿࡚ࡋ ᐃࠋࡓࡗ⾜ࢆᅇ㌿

ࡇࡿࡍᐃ ࢆㄏᑟ㟁ᅽࡿࡍ⏕Ⓨࣝࢥࡢ

Tangentialࠋࡿࡍᐃ ࢆศᕸࡢ᮰☢ࡾࡼ ᴫࡢࣝࢥ

 
 

 
 

 

ᅗ 22  QC2LE䛸QC2RE䛾☢▼᩿㠃タィ䛸QC2LE
䝁䜲䝹ᙧ≧ 

ᅗ 23  Tangential 䝁䜲䝹 2 ḟඖ᩿㠃ᅗ䚹ᅗ୰䚸㯮
䛃䛜䝁䜲䝹㒊䛻┦ᙜ䛩䜛䚹䂴䠖䝹䞊䝥䜢స䜛 2 䛴䛾
䝽䜲䝲䞊䛾㛤䛝ゅᗘ䚸Rc䠖䝹䞊䝥༙ᚄ䚹 

ᛕᅗࢆᅗ 23 Tangentialࠋࡓࡋ♧ ࣡ࠊࡣࣝࢥ

ᅗࠊࡀࡿసࢆࣉ࣮ࣝࡢ≦ࣝࢥ࡛࣮ࣖ 23 ࡍ♧

㉸ఏᑟࠋࡿࢀࡉ⨨㓄ୖ⟃࠺ࡼ 4 ᴟ㟁☢▼ࡢ

☢ሙ ᐃࠊࡣᅗ 24 ࡿ࠸࡚ࢀࡉ♧࡛ Harmonic ࢥ

ࡣࣝࢥࡢࡇࠋࡓ࠸⏝ࢆࣝ ǻ㸻~23.7 ᗘࡢ

Tangential ࣝࢥ ǻ㸻90 ᗘ180ࠊ ᗘࡢ 4 ᴟ☢ሙ 

ᐃࣝࢥ㸦3 ྎ㸧2ࠊ ᴟ☢ሙ ᐃࣝࢥ㸦3 ྎ㸧ࡀ 
 

 
ᅗ  24  ㉸ఏᑟ㟁☢▼☢ሙ ᐃ⏝ࡓࢀࡉ

Harmonic  ࣝࢥ

ǻ㸻~23.7ࠋࡿ࠸࡚ࢀࡲ㎸ࡳ⤌ ᗘࡢ Tangential ࢥ

4ࠊ࠸⾜ࢆᐃ ࡢከᴟ☢ሙᡂศ࡚࠸⏝ࢆࣝ ᴟࢥ

ࡢࣝ 1 ㉸ఏᑟ࡚࠸⏝ࢆྎ 4 ᴟ㟁☢▼ࡢ☢ሙᡂศ

ࡿ࠶࡛ 4 ᴟ☢ሙᙉᗘࢆ 0.1 %௨ୗࡢ⢭ᗘ࡛ ᐃࡍ

4ࠊࡓࡲࠋࡿ ᴟࣝࢥ 2 ᴟࡢࣝࢥಙྕ࠸⏝ࢆ

࡚ 4 ᴟ☢ሙ 2 ᴟ☢ሙࢢࣥ࢟ࢵࣂࡢฎ⌮ࠊ࠸⾜ࢆ

4 ᴟ☢ሙࡽㄏᑟࡿࢀࡉ ᐃୖࡢㄗᕪࡾྲྀࢆ㝖ࡃ

 ᐃࠋ࠺⾜ࢆᮏࡣ࡛࣮ࢼ࣑ࢭ☢ሙ ᐃ᪉ἲ࠸ࡘ 

࡚ヲ࠸ࡋㄝ᫂ࠊࡀ࠸࡞ࢃ⾜ࡣཧ⪃ᩥ⊩[7,8]࡚ࡋ
 ࠋ࠸ࡓࡁㄞ㡬୍ࡈࠊࡣ᪉ࡿ࠶ࡢ⯆ࠋࡿࡍ⤂ࢆ
ᅗࠊࡓࡲ 24 ࡣ SuperKEKB ㉸ఏᑟ㟁☢▼

QC1PࠊQC1E ࡓࡋ⏝ሙ ᐃ☢ࡢ Harmonic ࢥ

ࢱ࣮࣓ࣛࣃࡢࣝࢥࡢࡇࠋࡓࡋ♧ࢆࡘ㸯ࡢࣝ

ࡉ㛗ࠊࡣ Lc=20.4 mm༙ࣝࢥࠊᚄ Rc=12.0 mmࠊ 
Tangential ゅᗘࡁ㛤ࡢࣝࢥ ǻ ����ᗘ࣮ࣖ࣡ࠊ

ᩘ࣮ࣥࢱࡢ T=120 ࡢࡇࠋࡿ࠶࡛ Harmonic ࣝࢥ

Tangentialࠊࡣ ࡢࣝࢥ 3 ಶࡢ 4 ᴟࢥ

3ࠊࣝ ಶࡢ 2 ᴟࡳ⤌ࡀࣝࢥ㎸ࡍࠋࡿ࠸࡚ࢀࡲ

ᶆ‽ᖖఏᑟࠊࡣ≦ᙧࣝࢥࡢ࡚ 2 ᴟ4ࠊ ᴟ6ࠊ ᴟ㟁

ࡢࡇࠋࡿ࠸࡚ࢀࡉṇᰯ࡚࠸⏝ࢆ▼☢ Harmonic ࢥ

ࡢࡶࡿࡍᐃ ࢆሙศᕸ☢ࡢ㟁☢▼㍈᪉ྥࠊࡣࣝ

ࡿࡍᐃ ࢆศ☢ሙ✚ࡢయ▼☢ࠊࡀࡿ࠶࡛

Harmonic ࠊࡣࡉ㛗ࡢࣝࢥࡢࡇࠊࡾ࠶ࡶࣝࢥ

Lc=600 mm SuperKEKBࠋࡿ࠶࡛ ㉸ఏᑟ㟁☢▼ࢫࢩ

ࡓࢀࡉ⏝ሙ ᐃ☢ࡢ࣒ࢸ Harmonic ࢆࣝࢥ

⾲ 12 ࡣࣝࢥ⏝ሙ ᐃ☢ࡢࡽࢀࡇࠋࡓࡋ♧

࡚ KEK ෆ࡛〇సᰯࠊࢀࡉṇࠋࡿ࠸࡚ࢀࡉ 

⾲ 12  Harmonic㻌 䝁䜲䝹䝟䝷䝯䞊䝍 

㟁☢▼ 
✚ศ್ ᐃ 
Lc/Rc (mm) 

☢ሙศᕸ ᐃ 
Lc/Rc (mm) 

QC1P/QC1E 
QC2P 
QC2E 

594.6 
695.0 
795.0 

12.0 
25.0 
33.1 

20.4 
20.4 
19.9 

12.0 
25.0 
33.0 

 

ᅗ 25  SuperKEKB㉸ఏᑟ 4ᴟ㟁☢▼☢ሙ୰ᚰ ᐃ䠖Single Stretched Wire (SSW)䚹㉥⥺䛜 Be-Cu⥺䚹 
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㞳ࡇࡿ࡞␗ࡀ Belle-II  ᐃჾࣛࢢࢡࢵࣂࡢ

 ࠋࡓࢀࡉタᐃࡵࡓࡢపῶࡢࢬࣀࢻࣥ
2 ࡢࡶ࡚࠸ࡘㄗᕪ☢ሙࡢ▼☢㟁ࡢྎ 4 ᴟ㟁

2ࠊᵝྠ▼☢ ḟඖࡢ☢▼᩿㠃ࣔࣝࢹ㉸ఏᑟࢥ

≦ᙧࡢࣝ 3 ḟඖ࡚ࣔ࠸⏝ࢆࣝࢹィ⟬2ࠋࡓࢀࡉ
ḟඖ᩿㠃࡛ࠊࡣホ౯༙ᚄ Rref=35 mm ࡛ከᴟᡂศࡣ

1 units ௨ୗࣝࢥࠊࡀࡿ࠸࡚ࡗ࡞➃㒊ࡔࢇྵࢆ

3 ḟඖ☢ሙィ⟬࡛ࠊࡣnormal 20 ᴟᡂศ㸦b10㸧ࡀ

QC2RE QC2LEࠊí1.88 unitsࡣ࡛ í1.30 unitsࡣ࡛ ࠶
ࢀࡽࢀධࡾྲྀ⟭ィࡢගᏛ࣒࣮ࣅࡣᯝ⤖ࡢࡇࠊࡾ

 ࠋࡿ࠸࡚ࢀࡉㄆ☜ࡀࡇ࠸࡞㐠㌿ୖၥ㢟࣒࣮ࣅ࡚

����� ㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ☢ሙ ᐃ ᐃ⤖ᯝ 

㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ☢ሙ ᐃ࡛ࠊࡣඛࡎタィ㟁

ὶ࡛ 4 ᴟ☢ሙ໙㓄ࢆసࠊࡿ࠸࡚ࡁ࡛ࡀࡇࡿຍ

㏿ჾ㐠㌿࡚ࡗ࣒࣮ࣅㄗᕪ☢ሙࡿ࡞ከ

ᴟ☢ሙᡂศࡀタィ್㏻ࡾᢚ4ࠊࡿ࠸࡚ࢀࡽ࠼ ᴟ

☢ሙࢺࢵࢱࢫ࢜ࣛࢡࡀ࣮ࢱࣥࢭタ⨨ࡓࢀࡉ

ᇶ‽⨨ᑐࡢ࡚ࡋ⛬ᗘࡢㄗᕪࢆᣢࡿ࠸࡚ࡗ

㞟᮰⏝㉸ఏᑟ⤊࣒࣮᭱ࣅࠊࡓࡲࠋࡓࡋᐃ ࢆ 4
ᴟ㟁☢▼ࡢሙྜࠊ㟁☢▼ෆ㒊࣒࣮ࣥࣛࣅࡢἢ

ࡵࡓࡿ࠼ࢆᙳ㡪㐠㌿࣒࣮ࣅࡶሙศᕸ☢ࡓࡗ

≉Ṧ࡞☢ሙ ᐃჾࡀᚲせࡽࢀࡇࠋࡿ࡞☢ሙ ᐃ

ჾࢆ⡆༢ㄝ᫂ࠊ࡚ࡋ〇సࡓࢀࡉ 8 ㉸ఏᑟࡢྎ 4
ᴟ㟁☢▼ࡢ☢ሙ ᐃ⤖ᯝ࡚࠸ࡘㄝ᫂ࠋࡿࡍ 

������� ☢ሙ ᐃ⨨ 

4 ᴟ☢ሙᙉᗘࠊㄗᕪ☢ሙከᴟ☢ሙᡂศࠊ☢▼㍈

Tangentialࠊࡣศᕸࡢሙᡂศ☢ࡓࡗἢ ⤌ࢆࣝࢥ

ࡓࡏࢃྜࡳ Harmonic ࢆࣝࢥ 4 ᴟ㟁☢▼ࣝࢥ

ෆ⟄ࡢᐊ ✵㛫࡛ᅇ㌿࡚ࡋ ᐃࠋࡓࡗ⾜ࢆᅇ㌿

ࡇࡿࡍᐃ ࢆㄏᑟ㟁ᅽࡿࡍ⏕Ⓨࣝࢥࡢ

Tangentialࠋࡿࡍᐃ ࢆศᕸࡢ᮰☢ࡾࡼ ᴫࡢࣝࢥ

 
 

 
 

 

ᅗ 22  QC2LE䛸QC2RE䛾☢▼᩿㠃タィ䛸QC2LE
䝁䜲䝹ᙧ≧ 

ᅗ 23  Tangential 䝁䜲䝹 2 ḟඖ᩿㠃ᅗ䚹ᅗ୰䚸㯮
䛃䛜䝁䜲䝹㒊䛻┦ᙜ䛩䜛䚹䂴䠖䝹䞊䝥䜢స䜛 2 䛴䛾
䝽䜲䝲䞊䛾㛤䛝ゅᗘ䚸Rc䠖䝹䞊䝥༙ᚄ䚹 

ᛕᅗࢆᅗ 23 Tangentialࠋࡓࡋ♧ ࣡ࠊࡣࣝࢥ

ᅗࠊࡀࡿసࢆࣉ࣮ࣝࡢ≦ࣝࢥ࡛࣮ࣖ 23 ࡍ♧

㉸ఏᑟࠋࡿࢀࡉ⨨㓄ୖ⟃࠺ࡼ 4 ᴟ㟁☢▼ࡢ

☢ሙ ᐃࠊࡣᅗ 24 ࡿ࠸࡚ࢀࡉ♧࡛ Harmonic ࢥ

ࡣࣝࢥࡢࡇࠋࡓ࠸⏝ࢆࣝ ǻ㸻~23.7 ᗘࡢ

Tangential ࣝࢥ ǻ㸻90 ᗘ180ࠊ ᗘࡢ 4 ᴟ☢ሙ 

ᐃࣝࢥ㸦3 ྎ㸧2ࠊ ᴟ☢ሙ ᐃࣝࢥ㸦3 ྎ㸧ࡀ 
 

 
ᅗ  24  ㉸ఏᑟ㟁☢▼☢ሙ ᐃ⏝ࡓࢀࡉ

Harmonic  ࣝࢥ

ǻ㸻~23.7ࠋࡿ࠸࡚ࢀࡲ㎸ࡳ⤌ ᗘࡢ Tangential ࢥ

4ࠊ࠸⾜ࢆᐃ ࡢከᴟ☢ሙᡂศ࡚࠸⏝ࢆࣝ ᴟࢥ

ࡢࣝ 1 ㉸ఏᑟ࡚࠸⏝ࢆྎ 4 ᴟ㟁☢▼ࡢ☢ሙᡂศ

ࡿ࠶࡛ 4 ᴟ☢ሙᙉᗘࢆ 0.1 %௨ୗࡢ⢭ᗘ࡛ ᐃࡍ

4ࠊࡓࡲࠋࡿ ᴟࣝࢥ 2 ᴟࡢࣝࢥಙྕ࠸⏝ࢆ

࡚ 4 ᴟ☢ሙ 2 ᴟ☢ሙࢢࣥ࢟ࢵࣂࡢฎ⌮ࠊ࠸⾜ࢆ

4 ᴟ☢ሙࡽㄏᑟࡿࢀࡉ ᐃୖࡢㄗᕪࡾྲྀࢆ㝖ࡃ

 ᐃࠋ࠺⾜ࢆᮏࡣ࡛࣮ࢼ࣑ࢭ☢ሙ ᐃ᪉ἲ࠸ࡘ 

࡚ヲ࠸ࡋㄝ᫂ࠊࡀ࠸࡞ࢃ⾜ࡣཧ⪃ᩥ⊩[7,8]࡚ࡋ
 ࠋ࠸ࡓࡁㄞ㡬୍ࡈࠊࡣ᪉ࡿ࠶ࡢ⯆ࠋࡿࡍ⤂ࢆ
ᅗࠊࡓࡲ 24 ࡣ SuperKEKB ㉸ఏᑟ㟁☢▼

QC1PࠊQC1E ࡓࡋ⏝ሙ ᐃ☢ࡢ Harmonic ࢥ

ࢱ࣮࣓ࣛࣃࡢࣝࢥࡢࡇࠋࡓࡋ♧ࢆࡘ㸯ࡢࣝ

ࡉ㛗ࠊࡣ Lc=20.4 mm༙ࣝࢥࠊᚄ Rc=12.0 mmࠊ 
Tangential ゅᗘࡁ㛤ࡢࣝࢥ ǻ ����ᗘ࣮ࣖ࣡ࠊ

ᩘ࣮ࣥࢱࡢ T=120 ࡢࡇࠋࡿ࠶࡛ Harmonic ࣝࢥ

Tangentialࠊࡣ ࡢࣝࢥ 3 ಶࡢ 4 ᴟࢥ

3ࠊࣝ ಶࡢ 2 ᴟࡳ⤌ࡀࣝࢥ㎸ࡍࠋࡿ࠸࡚ࢀࡲ

ᶆ‽ᖖఏᑟࠊࡣ≦ᙧࣝࢥࡢ࡚ 2 ᴟ4ࠊ ᴟ6ࠊ ᴟ㟁

ࡢࡇࠋࡿ࠸࡚ࢀࡉṇᰯ࡚࠸⏝ࢆ▼☢ Harmonic ࢥ

ࡢࡶࡿࡍᐃ ࢆሙศᕸ☢ࡢ㟁☢▼㍈᪉ྥࠊࡣࣝ

ࡿࡍᐃ ࢆศ☢ሙ✚ࡢయ▼☢ࠊࡀࡿ࠶࡛

Harmonic ࠊࡣࡉ㛗ࡢࣝࢥࡢࡇࠊࡾ࠶ࡶࣝࢥ

Lc=600 mm SuperKEKBࠋࡿ࠶࡛ ㉸ఏᑟ㟁☢▼ࢫࢩ

ࡓࢀࡉ⏝ሙ ᐃ☢ࡢ࣒ࢸ Harmonic ࢆࣝࢥ

⾲ 12 ࡣࣝࢥ⏝ሙ ᐃ☢ࡢࡽࢀࡇࠋࡓࡋ♧

࡚ KEK ෆ࡛〇సᰯࠊࢀࡉṇࠋࡿ࠸࡚ࢀࡉ 

⾲ 12  Harmonic㻌 䝁䜲䝹䝟䝷䝯䞊䝍 

㟁☢▼ 
✚ศ್ ᐃ 
Lc/Rc (mm) 

☢ሙศᕸ ᐃ 
Lc/Rc (mm) 

QC1P/QC1E 
QC2P 
QC2E 

594.6 
695.0 
795.0 

12.0 
25.0 
33.1 

20.4 
20.4 
19.9 

12.0 
25.0 
33.0 

 

ᅗ 25  SuperKEKB㉸ఏᑟ 4ᴟ㟁☢▼☢ሙ୰ᚰ ᐃ䠖Single Stretched Wire (SSW)䚹㉥⥺䛜 Be-Cu⥺䚹 

㸳㸫 17㸳㸫 16



㉸ఏᑟ�ᴟ㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡࡣෆ⤌㎸

ᶵࢆሙ୰ᚰ☢࠺ࡼࡢ▼☢ᖖఏᑟ㟁ࠊ࡛ࡢࡿࢀࡲ

Ეⓗ࡞እ㒊ᇶ‽Ⅼ࡛⨨ࡁࡣࡇࡿ࠼㠀ᖖ㞴

㉸ఏᑟࠋ࠸ࡋ 4 ᴟ㟁☢▼࣒࢘ࣜ࣊ࠊࡣᐜჾ࣭ࣛࢡ

᥋ගᏛⓗᡭ┤࡛ࡢࡿࢀࡲ㎸⤌ෆࢺࢵࢱࢫ࢜

ἲ࡛㟁☢▼ࡓࡅࡘᇶ‽Ⅼࢆ ᐃ࡛ࡀࡇࡿࡍ

 ࠋࡿ࠶࡛ࡽ࠸࡞ࡁ
4 ᴟ☢ሙ୰ᚰ⨨ࢆ ᐃࠊࡵࡓࡿࡍSingle 

Stretched Wire㸦SSW㸧ࡿࢀࡤ⨨ࠋࡿ࠸⏝ࢆ

ຍ㏿ჾ࡛ࡢࡶࡢࡑⱥㄒ⾲グࠊࡣሙ ᐃ᪉ᘧ☢ࡢࡇ

⏝㟁☢▼ෆ⟄ᙇࡓࢀࡽ 1 ᮏࡢ㔠ᒓ⥺ࢆ⢭ᗘࡃࡼ

᥋☢ሙ┤࡛ࡇࡿࡍᐃ ࢆኚ㔞ࡢ᮰☢ࡋື⛣

୰ᚰࢆ ᐃࡿࡍ᪉ἲ࡛ࠋࡿ࠶ᐇ ࡛ࡣᅗ  [9] 25
ᚄ┤ࠊ࠺ࡼࡍ♧ 0.1 mm ࡢ Be-Cu ࢆ⥺ࡢ 2 ࡢྎ

タࠊࡋᨭᣢࡽᚋ᪉ࢺࢵࢱࢫ࢜ࣛࢡࢺࢵࢿࢢ࣐

ィ࣒࣮ࣥࣛࣅ㓄⨨4ࠋࡿࡍ ㉸ఏᑟࡢྎ 4 ᴟ㟁

ࢆሙ୰ᚰ☢ࡢ▼☢ 1 ᮏࡢ Be-Cu ⥺࡛ ᐃࠋࡿࡍ 

ᐃྛࡣ 4 ᴟ㟁☢▼ࡀ༢⊂࡛ບ☢ࠋࡿࢀࡉBe-
Cu ࡣࡉ㛗ࡢ⥺ 8.7 m ࡾࡼ㔜ຊࠊࡾ࠶ Be-Cu ࡣ⥺

ᆶࢀୗࡢࡇࠊࡀࡿࡀຠᯝࡣ⿵ṇྍࡀࡇࡿࡍ⬟࡛

�ࠋࡿ࠶

������� 4 ᴟ㟁☢▼☢ሙᙉᗘㄗᕪ☢ሙ 

㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ☢ሙࡢᙉᗘࡀ▼☢ࡢࡇࠊࡣ

SuperKEKB 㧗ࡽࡇ࠺⾜ࢆ㞟᮰⤊࣒࣮᭱ࣅࡢ

ሙ☢ࠋࡿ࠸࡚ࢀࡉせồࡀࡇࡿࢀࡉ⢭ᗘ࡛ ᐃ࠸

 ᐃࡣ 5.2.1 ࡓࡋ♧࡛ Harmonic ⾜࡚࠸⏝ࢆࣝࢥ

ศ✚ࠋࡓࡗ 4 ᴟ☢ሙࡢ㟁ὶᑐࡿࡍኚࢆᅗ 26 

Transferࠊࡣ㍈⦪ࡢࢺࢵࣟࣉࠋࡓࡋ♧ 㛵ᩘ㸦TF㸧
ࡓࢀࡉᐃ ࠊ࡛ࡢࡶࡿࢀࡤ 4 ᴟ☢ሙࢆ㟁ὶ್

࡛ࠋࡿ࠶್࡛ࡓࡗTFࠊࡣ௨ୗࡢᘧ࡛ᐃ⩏ࠋࡿࢀࡉ�

ܨܶ ൌܤ�ଶ ൗܫ �������� � � 㸦16㸧����

ᅗ 26 ࡢ☢ࡢࣝࣈ࣮ࢣ㉸ఏᑟࠊ࠺ࡼࡍ♧

ᙳ㡪ࡾࡼ㟁☢▼ࡢບ☢ᾘ☢ࡢ᪉ྥࡾࡼ TF 
࡛ࡃ㐠㌿㟁ὶ㏆ࡣ್ࡢ 0.1% ⛬ᗘ␗ࠋࡿ࡞

SuperKEKB ☢⢭ᗘ࡛࠸㧗㠀ᖖࠊࡣ㐠㌿࡛࣒࣮ࣅ

 

 

 

 

ᅗ 26  ㉸ఏᑟ 4 ᴟ㟁☢▼䛾 4 ᴟ☢ሙᙉᗘ䛾㟁ὶ
್౫Ꮡᛶ䚹ᅗ୰䚸▮༳䛿㟁ὶኚ䛾᪉ྥ䜢♧䛧䛶

䛔䜛䚹 

⾲ 13  ㉸ఏᑟ 4ᴟ㟁☢▼ TF 

㟁☢▼ 㟁ὶ 
kA 

TF cal. TF 
meas. 

TF up-
ramp 

TF dw-
ramp 

QC1LP 
QC1RP 
QC1LE 
QC1RE 
QC2LP 
QC2RP 
QC2LE 
QC2RE 

1.70 
1.70 
1.70 
1.70 

0.9 
0.9 

1.00 
1.00 

14.15 
14.15 
17.08 
17.08 
13.10 
13.10 
15.63 
10.34 

14.38 
14.36 
17.06 
17.02 
12.97 
12.97 
15.26 
10.47 

14.38 
14.36 
17.06 
17.02 
12.97 
12.97 
15.26 
10.46 

14.38 
14.36 
17.06 
17.02 
12.98 
12.97 
15.27 
10.48 

ሙࢆసࡀࡇࡿせồࠊࡽࡇࡿࢀࡉ㟁☢▼ࡢ㟁

ὶ್ࡣ 0A ࡲ㟁ὶ್ࡿࢀࡉ⏝㐠㌿࡛࣒࣮ࣅࡽ

ࡢࡿࡍ᪼ୖ࡛ TF-I᭤⥺࡚࠸⏝ࢆᐃ⩏ࠋࡿ࠸࡚ࡋ�

⾲ 13 ್⟭ィࠋࡓࡋ♧ࢆ್⾲௦ࡢሙ ᐃ☢ࠊࡣ

QC1Pࠊ࡚ࡋẚ㍑ ࡣ࡛  QC2PࠊQC1E 0.4%ࠊ1%
ࡇࠋࡿ࠶ࡀㄗᕪࡢQC2RE 1.2%ࠊQC2LE 2.4%ࠊ1%

ࡓࢀࡉㄏᑟࡽ㟁☢▼〇స࣭⤌❧ㄗᕪࠊࡣㄗᕪࡢ

 ࠋࡿ࠸࡚࠼⪄
4 ᴟ㟁☢▼ࡢ✚ศ☢ሙ್ࡿࢀࡲྵከᴟᡂศ

ᅗࡣᯝ⤖ࠋࢀࡉゎᯒࡽᐃ್ ࡶ࡚࠸ࡘ 27 ♧

ᶓ㍈ࠊࡣከᴟᡂศࠋࡓࡋ n n=3ࠊࢀࡉ♧್࡛ ࡣ 6
ᴟ☢ሙ㸦2n㸧ᡂศᑐᛂࡣ࡛ࢺࢵࣟࣉࠊࡋ 20 ᴟ☢

ሙᡂศ㸦n=10㸧ྛࠊࡓࡲࠋࡿ࠸࡚ࢀࡉ♧ࡀ࡛ࡲ 2n
ᴟᑐ࡚ࡋ anࡣ skew ᡂศࠊbnࡣ normal ᡂศࢆ♧

㉸ఏᑟࠋࡿ࠸࡚ࡋ 4 ᴟ㟁☢▼ࠊࡣBelle-II ࣀࣞࢯ

ࢀࡉ☢୰࡛ບࡢᡂ☢ሙྜࡢࢻࣀࣞࢯṇ⿵ࢻ

ࣀࣞࢯࡵࡓࡿࡍㄆ☜ࢆᙳ㡪ࡢࡑࠊࡽࡇࡿ

♧ࡶ࡚࠸ࡘᯝ⤖ࡓࡋ᮲௳࡛ ᐃࡢ↓ሙ᭷࣭☢ࢻ

ࠖ.with S.Fࠕࡀሙ᭷☢ࢻࣀࣞࢯࠊࡣᅗ୰࡛ࠋࡓࡋ
ࡋ♧࡛ࠖ.without S.Fࠕࡀࡋ↓ሙ☢ࢻࣀࣞࢯࠊ࡛

8ࠋࡓ ㉸ఏᑟࡢྎ 4 ᴟ㟁☢▼࡛᭱ࡶຍ㏿ჾ࣒࣮ࣅ

⾪✺ᛶ⬟࣭ QC1EQC1Pࡘᣢࢆᙳ㡪㐠㌿࣒࣮ࣅ
ᅗࠋࡿࡍㄝ᫂ࡎඛ࡚࠸ࡘ⬟ሙᛶ☢ࡢ 27 ࢃࡽ

࠺ࡼࡿ n=3 ࡢ 6 ᴟ☢ሙᡂศ௨እࡣ 1 units ௨

ୗ࡛ࠊࡓࡲࠋࡿ࠶㧗ḟࡢከᴟ☢ሙᡂศࣀࣞࢯࠊࡣ

6ࠋ࠸࡞ࡣኚ࡞ࡁ᭷↓࡛ࡢሙ☢ࢻ ᴟ☢ሙᡂ

ศࠊࡣ☢ᛶ࣮ࣚྲྀࡀࢡࡿ࠸࡚ࢀࡽࡅ QC1E ࠾

ࠊࡽᐃ⤖ᯝ ࠋ࠸࡞ࢀࡽぢࡣᙳ㡪࡞ࡁࡣ࡚࠸

ࡶሙྜ࡛ࡓࢀࡉ␚㔜ࡀሙ☢ࢻࣀࣞࢯ a3ࠊb3ඹ

1 units ௨ୗ࡛ࠋࡿ࠶QC1P ࡛ୖ࣒࣮ࣥࣛࣅࠊࡣ

~2.5T ᙳࡢࡑ࡛ࡢࡿࢀࡉ༳ຍࡀሙ☢ࢻࣀࣞࢯࡢ

㡪ࡣࠋ࠸ࡁQC1RP ࠸࡞ࡀሙ☢ࢻࣀࣞࢯࠊࡣ࡛

≧ែ࡛ࡣ a3ࠊb3ࡣ 1.5 units QC1RPࠊࡀࡿ࠶࡛ ࣅࡢ

ࡿࢀࡲྵሙ☢ࢻࣀࣞࢯࡢୖ࣒࣮ࣥࣛ 6 ᴟ☢

ሙᡂศ1ࢀࡉࣝࢭࣥࣕ࢟ࡾࡼ units௨ୗ࡛ࡲᑠࡉ

QC1LPࠊ㏫ࠋࡿ࠸࡚ࡗ࡞ࡃ ሙ☢ࢻࣀࣞࢯࡣ࡛

ែ࡛≦࠸↓ a3= 0.14 unitsࠊb3= í1.15 units ࡢࡿ࠶࡛

ࡿࢀࡉ༳ຍࡀሙ☢ࢻࣀࣞࢯࠊ࡚ࡋᑐ a3= 
í0.07 unitsࠊb3=í1.74 units  b3ࡀ 1 units ࠼㉸ࢆ

⤌࣒࣮ࣥࣛࣅࠊࡣ್ࡢࡇࠋࡿ࠸࡚ࡗ࡞್ࡿ

 

 

 

 

 

 

 

 

ᅗ 27  ㉸ఏᑟ 4ᴟ㟁☢▼䛾ከᴟ☢ሙᡂศ 

㸳㸫 18



㉸ఏᑟ�ᴟ㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡࡣෆ⤌㎸

ᶵࢆሙ୰ᚰ☢࠺ࡼࡢ▼☢ᖖఏᑟ㟁ࠊ࡛ࡢࡿࢀࡲ

Ეⓗ࡞እ㒊ᇶ‽Ⅼ࡛⨨ࡁࡣࡇࡿ࠼㠀ᖖ㞴

㉸ఏᑟࠋ࠸ࡋ 4 ᴟ㟁☢▼࣒࢘ࣜ࣊ࠊࡣᐜჾ࣭ࣛࢡ

᥋ගᏛⓗᡭ┤࡛ࡢࡿࢀࡲ㎸⤌ෆࢺࢵࢱࢫ࢜

ἲ࡛㟁☢▼ࡓࡅࡘᇶ‽Ⅼࢆ ᐃ࡛ࡀࡇࡿࡍ

 ࠋࡿ࠶࡛ࡽ࠸࡞ࡁ
4 ᴟ☢ሙ୰ᚰ⨨ࢆ ᐃࠊࡵࡓࡿࡍSingle 

Stretched Wire㸦SSW㸧ࡿࢀࡤ⨨ࠋࡿ࠸⏝ࢆ

ຍ㏿ჾ࡛ࡢࡶࡢࡑⱥㄒ⾲グࠊࡣሙ ᐃ᪉ᘧ☢ࡢࡇ

⏝㟁☢▼ෆ⟄ᙇࡓࢀࡽ 1 ᮏࡢ㔠ᒓ⥺ࢆ⢭ᗘࡃࡼ

᥋☢ሙ┤࡛ࡇࡿࡍᐃ ࢆኚ㔞ࡢ᮰☢ࡋື⛣

୰ᚰࢆ ᐃࡿࡍ᪉ἲ࡛ࠋࡿ࠶ᐇ ࡛ࡣᅗ  [9] 25
ᚄ┤ࠊ࠺ࡼࡍ♧ 0.1 mm ࡢ Be-Cu ࢆ⥺ࡢ 2 ࡢྎ

タࠊࡋᨭᣢࡽᚋ᪉ࢺࢵࢱࢫ࢜ࣛࢡࢺࢵࢿࢢ࣐

ィ࣒࣮ࣥࣛࣅ㓄⨨4ࠋࡿࡍ ㉸ఏᑟࡢྎ 4 ᴟ㟁

ࢆሙ୰ᚰ☢ࡢ▼☢ 1 ᮏࡢ Be-Cu ⥺࡛ ᐃࠋࡿࡍ 

ᐃྛࡣ 4 ᴟ㟁☢▼ࡀ༢⊂࡛ບ☢ࠋࡿࢀࡉBe-
Cu ࡣࡉ㛗ࡢ⥺ 8.7 m ࡾࡼ㔜ຊࠊࡾ࠶ Be-Cu ࡣ⥺

ᆶࢀୗࡢࡇࠊࡀࡿࡀຠᯝࡣ⿵ṇྍࡀࡇࡿࡍ⬟࡛

�ࠋࡿ࠶

������� 4 ᴟ㟁☢▼☢ሙᙉᗘㄗᕪ☢ሙ 

㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ☢ሙࡢᙉᗘࡀ▼☢ࡢࡇࠊࡣ

SuperKEKB 㧗ࡽࡇ࠺⾜ࢆ㞟᮰⤊࣒࣮᭱ࣅࡢ

ሙ☢ࠋࡿ࠸࡚ࢀࡉせồࡀࡇࡿࢀࡉ⢭ᗘ࡛ ᐃ࠸

 ᐃࡣ 5.2.1 ࡓࡋ♧࡛ Harmonic ⾜࡚࠸⏝ࢆࣝࢥ

ศ✚ࠋࡓࡗ 4 ᴟ☢ሙࡢ㟁ὶᑐࡿࡍኚࢆᅗ 26 

Transferࠊࡣ㍈⦪ࡢࢺࢵࣟࣉࠋࡓࡋ♧ 㛵ᩘ㸦TF㸧
ࡓࢀࡉᐃ ࠊ࡛ࡢࡶࡿࢀࡤ 4 ᴟ☢ሙࢆ㟁ὶ್

࡛ࠋࡿ࠶್࡛ࡓࡗTFࠊࡣ௨ୗࡢᘧ࡛ᐃ⩏ࠋࡿࢀࡉ�

ܨܶ ൌܤ�ଶ ൗܫ �������� � � 㸦16㸧����

ᅗ 26 ࡢ☢ࡢࣝࣈ࣮ࢣ㉸ఏᑟࠊ࠺ࡼࡍ♧

ᙳ㡪ࡾࡼ㟁☢▼ࡢບ☢ᾘ☢ࡢ᪉ྥࡾࡼ TF 
࡛ࡃ㐠㌿㟁ὶ㏆ࡣ್ࡢ 0.1% ⛬ᗘ␗ࠋࡿ࡞

SuperKEKB ☢⢭ᗘ࡛࠸㧗㠀ᖖࠊࡣ㐠㌿࡛࣒࣮ࣅ

 

 

 

 

ᅗ 26  ㉸ఏᑟ 4 ᴟ㟁☢▼䛾 4 ᴟ☢ሙᙉᗘ䛾㟁ὶ
್౫Ꮡᛶ䚹ᅗ୰䚸▮༳䛿㟁ὶኚ䛾᪉ྥ䜢♧䛧䛶

䛔䜛䚹 

⾲ 13  ㉸ఏᑟ 4ᴟ㟁☢▼ TF 

㟁☢▼ 㟁ὶ 
kA 

TF cal. TF 
meas. 

TF up-
ramp 

TF dw-
ramp 

QC1LP 
QC1RP 
QC1LE 
QC1RE 
QC2LP 
QC2RP 
QC2LE 
QC2RE 

1.70 
1.70 
1.70 
1.70 

0.9 
0.9 

1.00 
1.00 

14.15 
14.15 
17.08 
17.08 
13.10 
13.10 
15.63 
10.34 

14.38 
14.36 
17.06 
17.02 
12.97 
12.97 
15.26 
10.47 

14.38 
14.36 
17.06 
17.02 
12.97 
12.97 
15.26 
10.46 

14.38 
14.36 
17.06 
17.02 
12.98 
12.97 
15.27 
10.48 

ሙࢆసࡀࡇࡿせồࠊࡽࡇࡿࢀࡉ㟁☢▼ࡢ㟁

ὶ್ࡣ 0A ࡲ㟁ὶ್ࡿࢀࡉ⏝㐠㌿࡛࣒࣮ࣅࡽ

ࡢࡿࡍ᪼ୖ࡛ TF-I᭤⥺࡚࠸⏝ࢆᐃ⩏ࠋࡿ࠸࡚ࡋ�

⾲ 13 ್⟭ィࠋࡓࡋ♧ࢆ್⾲௦ࡢሙ ᐃ☢ࠊࡣ

QC1Pࠊ࡚ࡋẚ㍑ ࡣ࡛  QC2PࠊQC1E 0.4%ࠊ1%
ࡇࠋࡿ࠶ࡀㄗᕪࡢQC2RE 1.2%ࠊQC2LE 2.4%ࠊ1%

ࡓࢀࡉㄏᑟࡽ㟁☢▼〇స࣭⤌❧ㄗᕪࠊࡣㄗᕪࡢ

 ࠋࡿ࠸࡚࠼⪄
4 ᴟ㟁☢▼ࡢ✚ศ☢ሙ್ࡿࢀࡲྵከᴟᡂศ

ᅗࡣᯝ⤖ࠋࢀࡉゎᯒࡽᐃ್ ࡶ࡚࠸ࡘ 27 ♧

ᶓ㍈ࠊࡣከᴟᡂศࠋࡓࡋ n n=3ࠊࢀࡉ♧್࡛ ࡣ 6
ᴟ☢ሙ㸦2n㸧ᡂศᑐᛂࡣ࡛ࢺࢵࣟࣉࠊࡋ 20 ᴟ☢

ሙᡂศ㸦n=10㸧ྛࠊࡓࡲࠋࡿ࠸࡚ࢀࡉ♧ࡀ࡛ࡲ 2n
ᴟᑐ࡚ࡋ anࡣ skew ᡂศࠊbnࡣ normal ᡂศࢆ♧

㉸ఏᑟࠋࡿ࠸࡚ࡋ 4 ᴟ㟁☢▼ࠊࡣBelle-II ࣀࣞࢯ

ࢀࡉ☢୰࡛ບࡢᡂ☢ሙྜࡢࢻࣀࣞࢯṇ⿵ࢻ

ࣀࣞࢯࡵࡓࡿࡍㄆ☜ࢆᙳ㡪ࡢࡑࠊࡽࡇࡿ

♧ࡶ࡚࠸ࡘᯝ⤖ࡓࡋ᮲௳࡛ ᐃࡢ↓ሙ᭷࣭☢ࢻ

ࠖ.with S.Fࠕࡀሙ᭷☢ࢻࣀࣞࢯࠊࡣᅗ୰࡛ࠋࡓࡋ
ࡋ♧࡛ࠖ.without S.Fࠕࡀࡋ↓ሙ☢ࢻࣀࣞࢯࠊ࡛

8ࠋࡓ ㉸ఏᑟࡢྎ 4 ᴟ㟁☢▼࡛᭱ࡶຍ㏿ჾ࣒࣮ࣅ

⾪✺ᛶ⬟࣭ QC1EQC1Pࡘᣢࢆᙳ㡪㐠㌿࣒࣮ࣅ
ᅗࠋࡿࡍㄝ᫂ࡎඛ࡚࠸ࡘ⬟ሙᛶ☢ࡢ 27 ࢃࡽ

࠺ࡼࡿ n=3 ࡢ 6 ᴟ☢ሙᡂศ௨እࡣ 1 units ௨

ୗ࡛ࠊࡓࡲࠋࡿ࠶㧗ḟࡢከᴟ☢ሙᡂศࣀࣞࢯࠊࡣ

6ࠋ࠸࡞ࡣኚ࡞ࡁ᭷↓࡛ࡢሙ☢ࢻ ᴟ☢ሙᡂ

ศࠊࡣ☢ᛶ࣮ࣚྲྀࡀࢡࡿ࠸࡚ࢀࡽࡅ QC1E ࠾

ࠊࡽᐃ⤖ᯝ ࠋ࠸࡞ࢀࡽぢࡣᙳ㡪࡞ࡁࡣ࡚࠸

ࡶሙྜ࡛ࡓࢀࡉ␚㔜ࡀሙ☢ࢻࣀࣞࢯ a3ࠊb3ඹ

1 units ௨ୗ࡛ࠋࡿ࠶QC1P ࡛ୖ࣒࣮ࣥࣛࣅࠊࡣ

~2.5T ᙳࡢࡑ࡛ࡢࡿࢀࡉ༳ຍࡀሙ☢ࢻࣀࣞࢯࡢ

㡪ࡣࠋ࠸ࡁQC1RP ࠸࡞ࡀሙ☢ࢻࣀࣞࢯࠊࡣ࡛

≧ែ࡛ࡣ a3ࠊb3ࡣ 1.5 units QC1RPࠊࡀࡿ࠶࡛ ࣅࡢ

ࡿࢀࡲྵሙ☢ࢻࣀࣞࢯࡢୖ࣒࣮ࣥࣛ 6 ᴟ☢

ሙᡂศࢀࡉࣝࢭࣥࣕ࢟ࡾࡼ 1 units௨ୗ࡛ࡲᑠࡉ

QC1LPࠊ㏫ࠋࡿ࠸࡚ࡗ࡞ࡃ ሙ☢ࢻࣀࣞࢯࡣ࡛

ែ࡛≦࠸↓ a3= 0.14 unitsࠊb3= í1.15 units ࡢࡿ࠶࡛

ࡿࢀࡉ༳ຍࡀሙ☢ࢻࣀࣞࢯࠊ࡚ࡋᑐ a3= 
í0.07 unitsࠊb3=í1.74 units  b3ࡀ 1 units ࠼㉸ࢆ

⤌࣒࣮ࣥࣛࣅࠊࡣ್ࡢࡇࠋࡿ࠸࡚ࡗ࡞್ࡿ

 

 

 

 

 

 

 

 

ᅗ 27  ㉸ఏᑟ 4ᴟ㟁☢▼䛾ከᴟ☢ሙᡂศ 
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㎸ࡿ࠸࡚ࢀࡲ b3 ⿵ṇ㟁☢▼࡛⿵ṇ࡛ࡀࡇࡿࡁ

☜ㄆࠋࡿ࠸࡚ࢀࡉ 
௨ୖㄝ᫂ࡓࡁ࡚ࡋ☢ሙ⢭ᗘࡢせồࡀᐇ㝿ࡢ 4 ᴟ

㟁☢▼ࡢࠊࡣ࡚࠸࠾⛬ᗘࡢ〇సㄗᕪ┦ᙜࡍ

QC1Pࠊࡣ㇟ࡢ௨ୗࠋࡿࡍㄝ᫂௨ୗࢆࡢࡿ 

QC1E ෆࡓࡋ㦂⤒ᐇ㝿〇సࣉࢱࢺࣟࣉࡢ

ᐜ࡛ࠋࡿ࠶ 
4 ᴟ㟁☢▼タィࡢ⠇࡛☢▼࠸ࡘࢱ࣮࣓ࣛࣃࡢ

࡚ㄝ᫂ࠊࡀࡓࡋ㉸ఏᑟ 4 ᴟ㟁☢▼ࠊࡣᖜ 2.5 mm ࡢ

㉸ఏᑟࢆࣝࣈ࣮ࢣ⏝2ࠋࡿ࠸࡚ࡋ ᒙ࡛ᵓᡂࢀࡉ

ࡶ࡚ࡵྵࡶ㒊⦖⤯ࡣࡳཌࡢࣝࢥ㉸ఏᑟࡿ 5.4 
mm ⇕ࡿࡼ෭༷ࠊࡣ≦ᙧࣝࢥ㉸ఏᑟࠋࡿ࠶࡛

⦰ບ☢୰ࡢ㟁☢ຊࢆ⪃៖ࠊ࡚ࡋ㟁☢▼⤌❧

QCSࠋࡿ࠼ຍࢆᅽ⦰ᛂຊ ㉸ఏᑟࡢ 4 ᴟ㟁☢▼࡛

❧⤌ࠊࡣ 30MPa ࡚ࡗ࡞タィࡿࡅࢆᅽຊࡢ

㸦E㸧⋠ࢢࣥࣖࡢࣝࣈ࣮ࢣ㉸ఏᑟࠊࡣᅽຊࡢࡇࠋࡓ࠸
ࢺࣟࣉࠊࡀࡿࢀࡉ⟭ィࡾࡼ㟁☢▼タィ/ࣝࢥ

ࡣタィࣉࢱ E=648 MPa ࠋࡓࢀࡽ࠸⏝ࡀ

QC1E  QC1P ࢆሙ ᐃ☢ࠊ〇సᚋࣉࢱࢺࣟࣉ

⾲ࢆㄗᕪ☢ሙࡢ㧗ḟࡓࢀࡽᚓ࠸⾜ 14 ࠋࡓࡋ♧

 ᐃ⤖ᯝ4ࠊࡣࡽ ᴟ㟁☢▼ࡀ cos(2T)㟁ὶศᕸࢆ

ᣢࡘሙྜタィୖⓎ⏕ࡿࡍ㧗ḟ☢ሙᡂศ㸦b6ࠊb10㸧

௨እࡢㄗᕪ☢ሙᡂศࡀ ᐃ≉ࠊࢀࡉ〇సࡓࢀࡉ

ࡣࣉࢱࢺࣟࣉ 1 units ௨ୖࡢ 6 ᴟ☢ሙᡂศ㸦a3ࠊ

b3㸧ࢆᣢࡀࡇࡘศ࣒࣮ࣅࠋࡓࡗගᏛࣉ࣮ࣝࢢ

ࡢࡇࠊࡾࡼウ᳨ࡢ 6 ᴟ☢ሙᡂศࣇ࣒࣮ࣛࣅࡣ

ࡿࡍࡃ▷ࢆ࣒ࢱࣇࣛࠊࡋᙳ㡪ࡃࡋⴭ࣒ࢱ

 ࠋࡓࡋุ᫂ࡀ
6 ᴟ☢ሙᡂศࡢⓎ⏕※ࢆ≉ᐃࡲࢀࡇࠊࡵࡓࡿࡍ

࡛〇సࡓࡁ࡚ࡋ〇స㐣⛬ࡢࣝࢥࡢ┿࠸⏝ࢆ

ㄪᰝࡓ 4 ᴟ㟁☢▼ෆ㒊ࡢࣝࢥࡢኚᙧ࣮ࣔࢻゎ

ᯒࠋࡓࡗ⾜ࢆ 
ᅗ 28 ࣝࢥࠊࡽ┿ࡢ〇సࣝࢥ㉸ఏᑟࡢ

➃㒊࣮ࢧ࣮࣌ࢫຍᕤࡓࢀࡉᅛᐃ⏝✰ࡀᴃ

ኚᙧࡀࡇࡿ࠸࡚ࡋศࠊࡾ㐣࡞ᅽ⦰ࣝࢥࡀ

ࢣ㉸ఏᑟࠊࡓࡲࠋࡓࢀࡉ᥎ᐃࡀࡇࡓࢀࡽ࠼ຍ

⋠ࢢࣥࣖࡢࣝࣈ࣮ E ࡣ್ ᐇࠊ࠸⾜ࢆᐃ ࡢ E=8 
GPa ᶵᲔࡢ㟁☢▼タィࠋࡓࡋุ᫂ࡀࡇࡿ࠶࡛

ⓗࡢࢱ࣮࣓ࣛࣃ࡞ලྜࡽ 4 ᴟ㟁☢▼⤌❧

㉸ఏᑟࣝࢥ㐣࡞ᛂຊࢆࢆࣝࢥࠊ࠼ኚᙧ

 ࠋࡿࢀࡽ࠼⪄ࡓࡏࡉ
4ࠊࡣኚᙧゎᯒ࡛ࣝࢥ ᅗࣝࢥࡢࡘ 29 ♧

 ሙ ᐃ࡛ほ☢ࠊሙྜࡓ࠸࡚ࡋ⏕Ⓨࢆᴃኚᙧࡍ

ࠋࡓࡗศࡀࡇࡿࡍ⌧ࢆ㧗ḟ☢ሙᡂศࡓࢀࡉ

⾲ 15  2  ࡚࠸ࡘ㔞㸦'r㸧ࢺࣇࢩࡢᚄ᪉ྥ༙ࡢࡘ

ᅗ 28  QC1E㉸ఏᑟ䝁䜲䝹➃㒊ኚᙧ 

⾲ 14 QC1P 䛸 QC1E䝥䝻䝖䝍䜲䝥ㄗᕪ☢ሙ   
䠄 ᐃ್䠅 

 QC1P Rref=10mm QC1E Rref=15mm 
n an bn an bn 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0 
2.82 
2.08 
0.35 
0.03 
0.07 
0.03 

-0.08 
0.02 

10000 
3.66 
0.24 
0.23 

-0.59 
0.13 
0.01 
0.05 
0.01 

0 
1.78 
0.44 
0.23 

-0.39 
-0.09 
0.69 
0.51 

-0.10 

10000 
8.59 

-0.68 
-1.83 
-1.85 
0.10 

-0.02 
-0.09 
-0.62 

 

ᅗ 29  QC1E㉸ఏᑟ䝁䜲䝹ኚᙧゎᯒ 

ᅗࣝࢥࠊࡽゎᯒ⤖ᯝࠋࡓࡋ♧ 29 ᴃኚᙧࡢ

6ࠊሙྜࡓࡌ⏕ࡀ ᴟ 10 ᴟ☢ሙᡂศࡀㄏ㉳ࡿࢀࡉ

QC1Eࠊࡣኚᙧࡢࡇࠋࡿศࡀࡇ ࣉࢱࢺࣟࣉ

ࡓࢀࡉᐃ ௬ࠋࡿࡍ⮴୍ࡶሙ ᐃ⤖ᯝ☢ࡢ

b3=8.59 units ᚄ༙ࡿࡍࡢࡶࡿ౫ᴃኚᙧࡀ

᪉ྥࡢኚᙧ㔞ࡣ'r=31.5 Pm ࡼࢀࡇࠊࢀࡉ⟭ィ

࡚ࡗ b5=í1.02 units ࡽࣉ࣮ࣝࢢගᏛࠋࡿࡍ⏕Ⓨࡶ

ࡿ࠸࡚ࢀࡉせồࡢ 1 units ௨ୗ 6 ᴟ☢ሙᡂศࢆప

ῶ༙ࠊࡣࡵࡓࡿࡍᚄ᪉ྥࣝࢥࡢ⨨ࡢ⤌❧ㄗ

ᕪࢆr4 Pm ௨ୗࡿࡍᚲせࠋࡿ࠶ࡀ 
௨ୖࡢ☢ሙ ᐃ⤖ᯝࡾࡼࢀࡑホ౯ࡓࢀࡉ 4

ᴟ㟁☢▼ࡢ⤌❧⢭ᗘࡢ㠀ᖖཝ࠸ࡋせồࠊࡽᙜ

ࡣ࣒ࢸࢫࢩ▼☢㉸ఏᑟ⿵ṇ㟁ࠊึ 6 ᴟ⿵ṇ☢▼

ࢆⅬ࡛〇సࡢࡑࠊࡀࡓࡗ࡞࠸࡚ࢀࡲ㎸ࡳ⤌ࡣ

㛤ጞࡓࡗ࡞࠸࡚ࡋ QCS-R ▼☢ṇ㟁⿵ࡢ 6 ᴟ

㟁☢▼ࢆ⤌㎸ࠋࡓࡗ࡞ࡇࡴ 

������� 4 ᴟ㟁☢▼ෆ☢ሙศᕸ 

㞟᮰⏝㉸ఏᑟ⤊࣒࣮᭱ࣅ 4 ᴟ㟁☢▼ෆ࣒࣮ࣅࡢ

ࡇࡿࡍኚࡃࡁࡀࢬࢧ࣒࣮ࣅࡣ࡛ୖࣥࣛ

4ࠊࡽ ᴟ㟁☢▼㍈ἢࡓࡗ 4 ᴟ☢ሙከᴟ☢

ሙᡂศࡢศᕸ࣒࣮ࣅࡓ࠸⏝ࢆගᏛタィ࠺⾜ࢆᚲ

せࠊࡓࡲࠋࡿ࠶ࡀ㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ≀⌮ⓗ࡞㛗

ࡃ▷㠀ᖖࡀࡉ 4 ᴟ㟁☢▼㍈ἢࡓࡗ 4 ᴟ☢ሙᙉ

ᗘ୍ࡶ࡚࠸࠾ᐃࡢ㒊ศࡀᑡࠊࡵࡓ࠸࡞ຍ㏿ჾࣅ

ࡢ≦〇సᙧࡣⅬタィ࡛✺⾪࣒࣮ 4 ᴟ㟁☢▼ࡢ 3 ḟ

ඖࣔࢆࣝࢹ〇సࡢࣝࢹࣔࡢࡇࠊࡋసࡿ☢ሙศᕸࢆ

㉸ఏᑟࡓࡋࢆ〇సࠋࡓࡗ⾜ࢆගᏛタィ࡚࠸⏝

4 ᴟ㟁☢▼ࡢ☢ሙࡢศᕸࠊࡣ㛗ࡀࡉ 20 mm ࡢ

Harmonic ࡢࡇࠋࡓࢀࡉᐃ ࡚࠸⏝ࢆࣝࢥ

Harmonic ᅗ 24ࠊࡣࣝࢥ ሙᙉ☢ࠋࡿ࠸࡚ࡋ♧

ᗘࡢᑠ࠸ࡉ㧗ḟࡢከᴟ☢ሙᡂศࢆ㧗⢭ᗘ࡛ ᐃ

Tangentialࠊࡵࡓࡿࡍ ᚄ┤ࡣࣝࢥ 60 Pm ⥺㖡ࡢ

ࢆ 120 ᐇຠࡢయࣝࢥࠋࡓࡋ〇స࡚࠸ᕳ࣮ࣥࢱ

ⓗࠊࡣࢬࢧᶆ‽ 2 ᴟ4ࠊ ᴟ6ࠊ ᴟᖖఏᑟ㟁☢▼࡛

ᰯṇࠋࡿ࠸࡚ࢀࡉ 
ࡓࢀࡉᐃ ࡚࠸⏝ࢆሙ ᐃჾ☢ࡢࡇ QC1LP㸦ᐇ

ᶵ㸧ࡢ☢ሙศᕸࢆᅗ 30 QC1LPࠋࡓࡋ♧ 㟁ὶࡢ

ࡣ್ 1625A QCS-Lࠋࡿ࠶࡛ ࣅࢆࢺࢵࢱࢫ࢜ࣛࢡ

Harmonicࠊᚋࡅ࠼ᤣ࣒࣮ࣥࣛ ࣮ࣅࢆࣝࢥ

㍈᪉ྥ࣒ 5 mm 㛫㝸࡛⛣ືࡋ☢ሙ ᐃࡗ⾜ࢆ

Belle-IIࠋࡓ ࡉ☢ບࡶࢻࣀࣞࢯṇ⿵ࢻࣀࣞࢯ

�ࠋࡓࢀࡽㄪࡶᙳ㡪ࡢࡑࠊࢀ

ᅗ୰ࠊࡣࢺࢵࣟࣉࡓࡋ♧ᶓ㍈ࡀタィୖ࣮ࣅࡢ

ࢺࢵࣟࣉࡢࡇࠋࡿ࠸࡚ࡋ♧ࢆ⨨ࡢࡽⅬ✺⾪࣒

ᚄ༙ࡣ㍈⦪ࠊࡣ࡛ Rref ࠋࡿ࠸࡚ࡋ♧್࡛ࡢሙ☢ࡢ࡛

ࡣ♧⾲ AnࠊBn ࣒࣮ࣥࣛࣅຍ㏿ჾࠋࡿ࠸࡚࠸⏝ࢆ

⾲ 15 QC1E ᩿㠃䜢ᶍᨃ䛧䛯䝁䜲䝹ኚᙧホ౯ 

 'r=50 Pm 'r=20 Pm 
n an bn an bn 
2 
3 
4 
5 

0 
0 
0 
0 

10000 
13.62 

0 
-1.63 

0 
0 
0 
0 

10000 
5.45 

0 
-0.65 

ᅗ 30  QC1LP 4ᴟ㟁☢▼㍈䛻ἢ䛳䛯☢ሙศᕸ 
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㎸ࡿ࠸࡚ࢀࡲ b3 ⿵ṇ㟁☢▼࡛⿵ṇ࡛ࡀࡇࡿࡁ

☜ㄆࠋࡿ࠸࡚ࢀࡉ 
௨ୖㄝ᫂ࡓࡁ࡚ࡋ☢ሙ⢭ᗘࡢせồࡀᐇ㝿ࡢ 4 ᴟ

㟁☢▼ࡢࠊࡣ࡚࠸࠾⛬ᗘࡢ〇సㄗᕪ┦ᙜࡍ

QC1Pࠊࡣ㇟ࡢ௨ୗࠋࡿࡍㄝ᫂௨ୗࢆࡢࡿ 

QC1E ෆࡓࡋ㦂⤒ᐇ㝿〇సࣉࢱࢺࣟࣉࡢ

ᐜ࡛ࠋࡿ࠶ 
4 ᴟ㟁☢▼タィࡢ⠇࡛☢▼࠸ࡘࢱ࣮࣓ࣛࣃࡢ

࡚ㄝ᫂ࠊࡀࡓࡋ㉸ఏᑟ 4 ᴟ㟁☢▼ࠊࡣᖜ 2.5 mm ࡢ

㉸ఏᑟࢆࣝࣈ࣮ࢣ⏝2ࠋࡿ࠸࡚ࡋ ᒙ࡛ᵓᡂࢀࡉ

ࡶ࡚ࡵྵࡶ㒊⦖⤯ࡣࡳཌࡢࣝࢥ㉸ఏᑟࡿ 5.4 
mm ⇕ࡿࡼ෭༷ࠊࡣ≦ᙧࣝࢥ㉸ఏᑟࠋࡿ࠶࡛

⦰ບ☢୰ࡢ㟁☢ຊࢆ⪃៖ࠊ࡚ࡋ㟁☢▼⤌❧

QCSࠋࡿ࠼ຍࢆᅽ⦰ᛂຊ ㉸ఏᑟࡢ 4 ᴟ㟁☢▼࡛

❧⤌ࠊࡣ 30MPa ࡚ࡗ࡞タィࡿࡅࢆᅽຊࡢ

㸦E㸧⋠ࢢࣥࣖࡢࣝࣈ࣮ࢣ㉸ఏᑟࠊࡣᅽຊࡢࡇࠋࡓ࠸
ࢺࣟࣉࠊࡀࡿࢀࡉ⟭ィࡾࡼ㟁☢▼タィ/ࣝࢥ

ࡣタィࣉࢱ E=648 MPa ࠋࡓࢀࡽ࠸⏝ࡀ

QC1E  QC1P ࢆሙ ᐃ☢ࠊ〇సᚋࣉࢱࢺࣟࣉ

⾲ࢆㄗᕪ☢ሙࡢ㧗ḟࡓࢀࡽᚓ࠸⾜ 14 ࠋࡓࡋ♧

 ᐃ⤖ᯝ4ࠊࡣࡽ ᴟ㟁☢▼ࡀ cos(2T)㟁ὶศᕸࢆ

ᣢࡘሙྜタィୖⓎ⏕ࡿࡍ㧗ḟ☢ሙᡂศ㸦b6ࠊb10㸧

௨እࡢㄗᕪ☢ሙᡂศࡀ ᐃ≉ࠊࢀࡉ〇సࡓࢀࡉ

ࡣࣉࢱࢺࣟࣉ 1 units ௨ୖࡢ 6 ᴟ☢ሙᡂศ㸦a3ࠊ

b3㸧ࢆᣢࡀࡇࡘศ࣒࣮ࣅࠋࡓࡗගᏛࣉ࣮ࣝࢢ

ࡢࡇࠊࡾࡼウ᳨ࡢ 6 ᴟ☢ሙᡂศࣇ࣒࣮ࣛࣅࡣ

ࡿࡍࡃ▷ࢆ࣒ࢱࣇࣛࠊࡋᙳ㡪ࡃࡋⴭ࣒ࢱ

 ࠋࡓࡋุ᫂ࡀ
6 ᴟ☢ሙᡂศࡢⓎ⏕※ࢆ≉ᐃࡲࢀࡇࠊࡵࡓࡿࡍ

࡛〇సࡓࡁ࡚ࡋ〇స㐣⛬ࡢࣝࢥࡢ┿࠸⏝ࢆ

ㄪᰝࡓ 4 ᴟ㟁☢▼ෆ㒊ࡢࣝࢥࡢኚᙧ࣮ࣔࢻゎ

ᯒࠋࡓࡗ⾜ࢆ 
ᅗ 28 ࣝࢥࠊࡽ┿ࡢ〇సࣝࢥ㉸ఏᑟࡢ

➃㒊࣮ࢧ࣮࣌ࢫຍᕤࡓࢀࡉᅛᐃ⏝✰ࡀᴃ

ኚᙧࡀࡇࡿ࠸࡚ࡋศࠊࡾ㐣࡞ᅽ⦰ࣝࢥࡀ

ࢣ㉸ఏᑟࠊࡓࡲࠋࡓࢀࡉ᥎ᐃࡀࡇࡓࢀࡽ࠼ຍ

⋠ࢢࣥࣖࡢࣝࣈ࣮ E ࡣ್ ᐇࠊ࠸⾜ࢆᐃ ࡢ E=8 
GPa ᶵᲔࡢ㟁☢▼タィࠋࡓࡋุ᫂ࡀࡇࡿ࠶࡛

ⓗࡢࢱ࣮࣓ࣛࣃ࡞ලྜࡽ 4 ᴟ㟁☢▼⤌❧

㉸ఏᑟࣝࢥ㐣࡞ᛂຊࢆࢆࣝࢥࠊ࠼ኚᙧ

 ࠋࡿࢀࡽ࠼⪄ࡓࡏࡉ
4ࠊࡣኚᙧゎᯒ࡛ࣝࢥ ᅗࣝࢥࡢࡘ 29 ♧

 ሙ ᐃ࡛ほ☢ࠊሙྜࡓ࠸࡚ࡋ⏕Ⓨࢆᴃኚᙧࡍ

ࠋࡓࡗศࡀࡇࡿࡍ⌧ࢆ㧗ḟ☢ሙᡂศࡓࢀࡉ

⾲ 15  2  ࡚࠸ࡘ㔞㸦'r㸧ࢺࣇࢩࡢᚄ᪉ྥ༙ࡢࡘ

ᅗ 28  QC1E㉸ఏᑟ䝁䜲䝹➃㒊ኚᙧ 

⾲ 14 QC1P 䛸 QC1E䝥䝻䝖䝍䜲䝥ㄗᕪ☢ሙ   
䠄 ᐃ್䠅 

 QC1P Rref=10mm QC1E Rref=15mm 
n an bn an bn 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0 
2.82 
2.08 
0.35 
0.03 
0.07 
0.03 

-0.08 
0.02 

10000 
3.66 
0.24 
0.23 

-0.59 
0.13 
0.01 
0.05 
0.01 

0 
1.78 
0.44 
0.23 

-0.39 
-0.09 
0.69 
0.51 

-0.10 

10000 
8.59 

-0.68 
-1.83 
-1.85 
0.10 

-0.02 
-0.09 
-0.62 

 

ᅗ 29  QC1E㉸ఏᑟ䝁䜲䝹ኚᙧゎᯒ 

ᅗࣝࢥࠊࡽゎᯒ⤖ᯝࠋࡓࡋ♧ 29 ᴃኚᙧࡢ

6ࠊሙྜࡓࡌ⏕ࡀ ᴟ 10 ᴟ☢ሙᡂศࡀㄏ㉳ࡿࢀࡉ

QC1Eࠊࡣኚᙧࡢࡇࠋࡿศࡀࡇ ࣉࢱࢺࣟࣉ

ࡓࢀࡉᐃ ௬ࠋࡿࡍ⮴୍ࡶሙ ᐃ⤖ᯝ☢ࡢ

b3=8.59 units ᚄ༙ࡿࡍࡢࡶࡿ౫ᴃኚᙧࡀ

᪉ྥࡢኚᙧ㔞ࡣ'r=31.5 Pm ࡼࢀࡇࠊࢀࡉ⟭ィ

࡚ࡗ b5=í1.02 units ࡽࣉ࣮ࣝࢢගᏛࠋࡿࡍ⏕Ⓨࡶ

ࡿ࠸࡚ࢀࡉせồࡢ 1 units ௨ୗ 6 ᴟ☢ሙᡂศࢆప

ῶ༙ࠊࡣࡵࡓࡿࡍᚄ᪉ྥࣝࢥࡢ⨨ࡢ⤌❧ㄗ

ᕪࢆr4 Pm ௨ୗࡿࡍᚲせࠋࡿ࠶ࡀ 
௨ୖࡢ☢ሙ ᐃ⤖ᯝࡾࡼࢀࡑホ౯ࡓࢀࡉ 4

ᴟ㟁☢▼ࡢ⤌❧⢭ᗘࡢ㠀ᖖཝ࠸ࡋせồࠊࡽᙜ

ࡣ࣒ࢸࢫࢩ▼☢㉸ఏᑟ⿵ṇ㟁ࠊึ 6 ᴟ⿵ṇ☢▼

ࢆⅬ࡛〇సࡢࡑࠊࡀࡓࡗ࡞࠸࡚ࢀࡲ㎸ࡳ⤌ࡣ

㛤ጞࡓࡗ࡞࠸࡚ࡋ QCS-R ▼☢ṇ㟁⿵ࡢ 6 ᴟ

㟁☢▼ࢆ⤌㎸ࠋࡓࡗ࡞ࡇࡴ 

������� 4 ᴟ㟁☢▼ෆ☢ሙศᕸ 

㞟᮰⏝㉸ఏᑟ⤊࣒࣮᭱ࣅ 4 ᴟ㟁☢▼ෆ࣒࣮ࣅࡢ

ࡇࡿࡍኚࡃࡁࡀࢬࢧ࣒࣮ࣅࡣ࡛ୖࣥࣛ

4ࠊࡽ ᴟ㟁☢▼㍈ἢࡓࡗ 4 ᴟ☢ሙከᴟ☢

ሙᡂศࡢศᕸ࣒࣮ࣅࡓ࠸⏝ࢆගᏛタィ࠺⾜ࢆᚲ

せࠊࡓࡲࠋࡿ࠶ࡀ㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ≀⌮ⓗ࡞㛗

ࡃ▷㠀ᖖࡀࡉ 4 ᴟ㟁☢▼㍈ἢࡓࡗ 4 ᴟ☢ሙᙉ

ᗘ୍ࡶ࡚࠸࠾ᐃࡢ㒊ศࡀᑡࠊࡵࡓ࠸࡞ຍ㏿ჾࣅ

ࡢ≦〇సᙧࡣⅬタィ࡛✺⾪࣒࣮ 4 ᴟ㟁☢▼ࡢ 3 ḟ

ඖࣔࢆࣝࢹ〇సࡢࣝࢹࣔࡢࡇࠊࡋసࡿ☢ሙศᕸࢆ

㉸ఏᑟࡓࡋࢆ〇సࠋࡓࡗ⾜ࢆගᏛタィ࡚࠸⏝

4 ᴟ㟁☢▼ࡢ☢ሙࡢศᕸࠊࡣ㛗ࡀࡉ 20 mm ࡢ

Harmonic ࡢࡇࠋࡓࢀࡉᐃ ࡚࠸⏝ࢆࣝࢥ

Harmonic ᅗ 24ࠊࡣࣝࢥ ሙᙉ☢ࠋࡿ࠸࡚ࡋ♧

ᗘࡢᑠ࠸ࡉ㧗ḟࡢከᴟ☢ሙᡂศࢆ㧗⢭ᗘ࡛ ᐃ

Tangentialࠊࡵࡓࡿࡍ ᚄ┤ࡣࣝࢥ 60 Pm ⥺㖡ࡢ

ࢆ 120 ᐇຠࡢయࣝࢥࠋࡓࡋ〇స࡚࠸ᕳ࣮ࣥࢱ

ⓗࠊࡣࢬࢧᶆ‽ 2 ᴟ4ࠊ ᴟ6ࠊ ᴟᖖఏᑟ㟁☢▼࡛

ᰯṇࠋࡿ࠸࡚ࢀࡉ 
ࡓࢀࡉᐃ ࡚࠸⏝ࢆሙ ᐃჾ☢ࡢࡇ QC1LP㸦ᐇ

ᶵ㸧ࡢ☢ሙศᕸࢆᅗ 30 QC1LPࠋࡓࡋ♧ 㟁ὶࡢ

ࡣ್ 1625A QCS-Lࠋࡿ࠶࡛ ࣅࢆࢺࢵࢱࢫ࢜ࣛࢡ

Harmonicࠊᚋࡅ࠼ᤣ࣒࣮ࣥࣛ ࣮ࣅࢆࣝࢥ

㍈᪉ྥ࣒ 5 mm 㛫㝸࡛⛣ືࡋ☢ሙ ᐃࡗ⾜ࢆ

Belle-IIࠋࡓ ࡉ☢ບࡶࢻࣀࣞࢯṇ⿵ࢻࣀࣞࢯ

�ࠋࡓࢀࡽㄪࡶᙳ㡪ࡢࡑࠊࢀ

ᅗ୰ࠊࡣࢺࢵࣟࣉࡓࡋ♧ᶓ㍈ࡀタィୖ࣮ࣅࡢ

ࢺࢵࣟࣉࡢࡇࠋࡿ࠸࡚ࡋ♧ࢆ⨨ࡢࡽⅬ✺⾪࣒

ᚄ༙ࡣ㍈⦪ࠊࡣ࡛ Rref ࠋࡿ࠸࡚ࡋ♧್࡛ࡢሙ☢ࡢ࡛

ࡣ♧⾲ AnࠊBn ࣒࣮ࣥࣛࣅຍ㏿ჾࠋࡿ࠸࡚࠸⏝ࢆ

⾲ 15 QC1E ᩿㠃䜢ᶍᨃ䛧䛯䝁䜲䝹ኚᙧホ౯ 

 'r=50 Pm 'r=20 Pm 
n an bn an bn 
2 
3 
4 
5 

0 
0 
0 
0 

10000 
13.62 

0 
-1.63 

0 
0 
0 
0 

10000 
5.45 

0 
-0.65 

ᅗ 30  QC1LP 4ᴟ㟁☢▼㍈䛻ἢ䛳䛯☢ሙศᕸ 

㸳㸫 21㸳㸫 20



ഃྑࡢࢺࢵࣟࣉࠊࡵࡓࡿ࠸࡚࠸⏝ࢆᗙᶆ⣔ࡢ IP
㸦Z=0㸧ࡀ⨨ࠋࡿࡍ⦪㍈ࡣ QC1P ホ౯༙ᚄࡢ Rref 
= 10 mm ୖ᭱ࠋࡿ࠸࡚ࡋ♧ࢆሙᙉᗘ☢ࡢ࡛⨨ࡢ

ẁࡿ࠸࡚ࢀࡉ♧ B2 ࡣ 4 ᴟ☢ሙࣉࠋࡿ࠸࡚ࡋ♧ࢆ

ࡣ㸦㉥㸧ەࠊタィ್ࡣᐇ⥺㸦㯮㸧ࠊ୰࡛ࡢࢺࢵࣟ

Belle-II ࡣ�㸦㟷㸧ࠊᐃ್ ࡢບ☢୰࡛ࢻࣀࣞࢯ

Belle-II ࠸࡚ࡋ♧ࢆᐃ್ ࡢ࡛↓☢ບࢻࣀࣞࢯ

ࡢᐇᶵࡿࢀࡉ♧࡛ࢺࢵࣟࣉࠋࡿ 4 ᴟ☢ሙศᕸࡣタ

ィ್ࡰࢆ⌧ࡀࡇࡿ࠸࡚ࡋศࢯࠊࡓࡲࠋࡿ

☢㧗ḟࡢࠋ࠸ࡉᑠࡶᙳ㡪ࡢ↓᭷ࡢሙ☢ࢻࣀࣞ

ሙᡂศࡢ ᐃ⤖ᯝྠࡶ࡚࠸ࡘᵝࡢ᪉ἲ࡛♧ࡋ

�ࠋࡿ࠶࡚

6 ᴟ☢ሙᡂศ㸦A3ࠊB3㸧ࡣタィ࡛ࣔࣟࢮࡣ࡛ࣝࢹ

ࡢ.5.2.2ࠊࡀࡿ࠶ QC1P/E 〇స࡛ࣉࢱࢺࣟࣉ

࠺ࡼࡓࡋ♧ࡶ 4 ᴟࡢࣝࢥ⤌❧ㄗᕪࡶࡽᐜ᫆

ࡢᐇᶵࠊࡃࡍࡸࡋ⌧ฟ QC1LP ࢺࢵࣟࣉࡶ࡛

ࣝࢥ㉸ఏᑟࠊࡓࡲࠋࡿ࠸࡚ࡗᣢࢆሙศᕸ☢ࡍ♧

ሙྜࡢࡇᅗ 28㸦ࡣ QC1E㸧ࣝࢥࡍ♧➃㒊ࢥࢆ

సࡾタィ㏻ࢆ≦ᙧࡢ㒊ศࡢࡇࠊࡕᣢ➃୧ࣝ

୧ࣝࢥࠊᯝ⤖ࡢࡑࠊࡾ࠶ᅔ㞴࡛࡚ࡵᴟࡣࡇࡿ

➃㒊┦ᙜࡿࡍ⨨࡛ᒁ㒊ⓗ࡞ࡁ 6 ᴟ☢ሙࡢ

ศᕸࡀ ᐃࠋࡿ࠸࡚ࢀࡉ 
ࡣഃ࡛ࡋฟࡾྲྀࣝࣈ࣮ࢣ㉸ఏᑟࡢ㒊➃ࣝࢥ

ࡀᑐ⛠ᛶࡢࣝࢥ 4 ᴟᑐ⛠࠸࡞ࡽ࡞ࡣタィࡋ

࡛ࡢࡿ࠸࡚ B4 ᡂศࡀタィୖసࡢࡇࠋࡿࢀࡽ B4 ᡂ

ศࡢ☢▼㍈ἢࡓࡗศᕸࡶ ᐃ࡛☜ㄆ࠸࡚ࢀࡉ

 ࠋࡿ
12 ᴟ☢ሙ㸦B6㸧ࡣタィࣝࢥ➃㒊࡛ࢵࣟࣉ

ᐃ ࡣᙧࡢศᕸࡢࡑࠊࡀࡿࢀࡽసࡀศᕸࡍ♧ࢺ

ᅗࠋࡿ࠸࡚ࢀࡉ 30 ࡢᡂศࡢグୖࡣ࡛ 4 ᴟ☢ሙ

ศᕸࡢ 6 ᴟ8ࠊ ᴟ12ࠊ ᴟ☢ሙࡢศᕸࠊࡀࡓࡋ♧ࢆ

20 ᴟ☢ሙࡢ࡛ࡲ☢ሙศᕸࢆࢱ࣮ࢹගᏛࣉ࣮ࣝࢢ

 ࠋࡿ࠶ド୰᳨࡛ࢆၥ㢟Ⅼࡢ㐠㌿ୖࠊࡋሗ࿌
㛗ࡉ 20mm ࡢ Harmonic coil ሙ ᐃ☢ࡓ࠸⏝ࢆ

⤖ᯝࠊࡾࡼBelle-II ࢻࣀࣞࢯ QCS ⿵ṇࣀࣞࢯ

ࢆ▼☢㉸ఏᑟ㟁ࡿࡼ㟁☢ຊࡿࡍ⏕㛫࡛Ⓨࢻ

᱁⣡࣒࢘ࣜ࣊ࡓࡋᐜჾࢺࢵࢱࢫ࢜ࣛࢡࡢ㍈᪉

㛫ࢻࣀࣞࢯࠋࡿࡁ࡛ࡀࡇࡿࡍホ౯ࢆࡁືࡢྥ

ࡢࢻࣀࣞࢯṇ⿵ࠊࡣ࡚࠸ࡘ㟁☢ຊࡿࡍ⏕Ⓨ

❶࡛ㄝ᫂ࠋࡿࡍࢆ 
ᅗ 30 ࡢ B2ᡂศࡢኚࡀ࠸ࡁ㒊ศࡢ Z ㍈᪉ྥ

ᅗࢆࢺࢵࣟࣉࡓࡋᣑࢆ 31 ⥺┤ࢆەࠋࡓࡋ♧

ࡢບ☢୰ࢻࣀࣞࢯࡀ⥺ࡔࢇ⤖࡛ QC1LP ࢥࡢ

ࣝ➃㒊࡛ࡢ㟁☢▼㍈ἢࡓࡗኚࠋࡿ࠸࡚ࡋ♧ࢆ

ẚ㍑ᐃ್㸦�㸧 ࡢሙྜ࠸࡞ࡀሙ☢ࢻࣀࣞࢯ

ࡿࡍ QC1LP ࡣ IP ࡚ࡋࢺࣇࢩ᪉ྥࡿࢀ㞳ࡽ

࠸↓ࡢሙ☢ࢻࣀࣞࢯࠊᑦࠋࡿศࡀࡇࡿ࠸

QC1LP ࡋ⮴୍☜ṇ㠀ᖖタィ್ࡣᐃ್ ࡢ

QC1LPࠊࡾ࠾࡚ ࡋṇࡣ࡚ࡋᑐ㐍⾜᪉ྥ࣒࣮ࣅࡀ

ࡿࡼ㟁☢ຊࠋࡿศࡀࡇࡓࢀࡉ⨨タࡃ 4 ᴟ㟁

⾲ࢆኚ㔞ࡢ㍈᪉ྥ࣒࣮ࣅࡢ▼☢ 16 ࠋࡓࡋ♧

QCS-Rࢺࢵࢱࢫ࢜ࣛࢡ⤌㎸ࡓࢀࡲ㉸ఏᑟ 4ᴟ
㟁☢▼ࢻࣀࣞࢯࠊࡣ☢ሙࡿࡼ㟁☢ຊࡢᙳ㡪ࢆ

ࡽタィ್ࡶ࡚ࡵྵ 1 mm ⛬ᗘࡢㄗᕪ࠸࡚ࡗ࡞

QCS-Lࠊࡀࡿ ㉸ఏᑟࡢෆࢺࢵࢱࢫ࢜ࣛࢡ 4 ᴟ㟁

ࡣ▼☢ 2 mm ௨ୖࡢኚࡀࡇࡿ࠶ࡀศࠋࡓࡗ

QCS-L ࡢ 2 IPࠊࡕ࠺ࡢᐜჾ࣒࢘ࣜ࣊ࡢྎ ഃ⤌㎸

ࡓࢀࡲ 4 ᴟ㟁☢▼࡚࠸࠾࡞ࡁኚࡑࠊࡾ࠶ࡀ

ࡲࠋࡿ࠸࡚ࢀࡽࡵ㐍ࡀᅾ᳨ウ⌧ࡣ࡚࠸ࡘཎᅉࡢ

⾲ 16  ㉸ఏᑟ 4ᴟ㟁☢▼䛾䝋䝺䝜䜲䝗☢ሙ㟁☢
ຊ䛻䜘䜛ኚ⛣ 

㟁☢▼ 
タィ 
mm 

wo SF 
mm 

w SF 
mm 

'EMF 

mm 
'D 
mm 

QC2LE 
QC2LP 
QC1LE 
QC1LP 
QC1RP 
QC1RE 
QC2RP 
QC2RE 

-2700 
-1925 
-1410 
-935 
935 

1410 
1925 
2925 

-2700.5 
-1924.2 
-1411.8 

-934.5 
935.0 

1409.8 
1925.2 
2925.8 

-2700.7 
-1927.1 
-1413.5 

-936.9 
935.9 

1410.7 
1926.1 
2925.9 

-0.2 
-2.9 
-1.7 
-2.4 
0.9 
0.9 
0.9 
0.1 

-0.7 
-2.1 
-3.5 
-1.9 
0.9 
0.7 
1.1 
0.9 

 
ᅗ 31  QC1LP 䝁䜲䝹➃㒊☢ሙศᕸ䠄ᣑ∧䠅 

ࡢ㐍⾜᪉ྥ࣒࣮ࣅࡢࡇࠊࡓ 4 ᴟ☢ሙ⨨ࡢㄗᕪ

ᙳ㡪ࡢ㐠㌿ୖࣉ࣮ࣝࢢගᏛ࣒࣮ࣅࠊࡣ࡚࠸ࡘ

ࡇࡿࡁගᏛㄪᩚ࡛ᑐᛂ࡛ࠊࡁ㡬࡚ࡋࢆㄆ☜࡚࠸ࡘ

 ࠋࡿ࠸࡚ࡋㄆ☜ࢆ

������� ࡿࡼ:66 �ᴟ㟁☢▼☢ሙ୰ᚰ ᐃ 

SSW  ᐃ⨨࣮࣡ࣖ⨨ไᚚ㒊ࡢ┿ࢆᅗ

32 ᅗࡀ⨨ᐃ ࡢࡇࠋࡓࡋ♧ 25 ࠺ࡼࡓࡋ♧

 2 ᤣᚋ᪉ࡢࢺࢵࢱࢫ࢜ࣛࢡࢺࢵࢿࢢ࣐ࡢྎ

ࠊࡅBe-Cu ⨨࣒࣮ࣥࣛࣅタィࢆ࣮ࣖ࣡

㓄⨨ࠋࡿࡍ┿ࡓࡋ♧⨨ࠊࡣQCS-L ࢜ࣛࢡ

ࢆࢺࢵࢱࢫ KEK ෆ㉸ఏᑟప ┿✵ᐇ㦂Ჷ࡛ᛶ⬟

ヨ㦂ࡢࡁࡓࡗ⾜ࢆᵝᏊ࡛ࠊSSW  ᐃ⨨

QCS-L 㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡඛ➃ࡀ࡚ࢀࡉ

ࠋࡿ࠼ぢᚤࡀ࣮ࣖBe-Cu࣡┿ࡢୗࠋࡿ࠸

SSW ᅗࢆ⌮ᐃཎ ࡢ 33 ࠸⏝ࢆ㸦18㸧ࠊᘧ㸦17㸧

 [10]ࠋࡍ♧࡚

Az= 5�  ] ܴ
ஶ
ୀଵ  g ቀା

ோషభ
ቁ ሾሺݔ െ ሻݔ  ݅ሺݕ െ

 ሻሿ],                            (17)ݕ

ଶǡݔ௭ሺܣሾܮ� �( ଶሻݕ െ ଵǡݔ௭ሺܣ �������������������ଵሻሿݕ
�
☢ሙ໙㓄 gࡢ 4 ᴟ☢ሙ୰ᚰ࡛ࣥࢸ࣏ࣝࢺࢡ࣋ࡢ

ࣝࣕࢩ Azࠊࡣᘧ㸦17㸧࡛⾲ࠋࡿࢀࡉᘧ୰ࠊࡢxࠊy
ࠊx0ࠊᆶ┤ᡂศࠊỈᖹࡢᇶ‽ᗙᶆ⣔࡛ࡢ࣮ࣖ࣡ࡣ

y0  ࠋࡿ࠶࡛ࢺࢵࢭࣇ࢜ࡢᗙᶆ⣔࡛ࡢ▼☢ࡣ
 ᐃჾࡀ࣮ࣖ࣡ࡢⅬ 1㸦x1ࠊy1㸧ࡽⅬ 2㸦x2ࠊ

y2㸧ࡿࡼࡇࡿࡍື⛣☢᮰ࡢኚ㔞)ࠊࡣᘧ

㸦��㸧࡛♧ࡢ(ࠋࡿࢀࡉ ᐃ4ࠊࡽ ᴟ☢ሙ୰ᚰ

�ࠋࡿࡍᐃ ࢆ⨨
SSW ☢ࡢ▼☢㉸ఏᑟ�ᴟ㟁ࡓࢀࡉᐃ ࡚࠸⏝ࢆ

ሙ୰ᚰࠊࡣ��⾲ࠋࡓࡋ♧��⾲ࢆBelle-II ࣀࣞࢯ

࠸ࡘᙳ㡪ࡢ↓᭷ࡢሙ☢ࢻࣀࣞࢯṇ⿵ࢻ

ࠊࡾࡼ㟁☢ຊࡢሙ㛫☢ࢻࣀࣞࢯࠋࡓࡋ♧ࡶ࡚

 

ᅗ 32  SSW ᐃ⨨䝽䜲䝲䞊⨨ไᚚ㒊 

ᅗ 33  SSW 䛸㟁☢▼䛻ᑐ䛩䜛ᗙᶆ⣔ 

⾲ 17  䝡䞊䝮䝷䜲䞁ୖ䛾 4 ᴟ☢ሙ୰ᚰ䠄䝡䞊䝮ᆶ
┤㠃ෆ䠅䛸䝋䝺䝜䜲䝗☢ሙ㟁☢ຊ䛾ᙳ㡪 

㟁☢▼ 
'x, mm 

w SF    wo SF 
'y, mm 

w SF    wo SF 

QC1LE 
QC2LE 
QC1RE 
QC2RE 
QC1LP 
QC2LP 
QC1RP 
QC2RP 

-0.21 
0.13 
0.25 
0.08 
-0.03 
-0.31 
0.04 
0.43 

-0.16 
0.11 
0.14 
0.07 
-0.14 
-0.41 
0.69 
0.45 

-0.29 
-0.54 
-0.37 
-0.58 
-0.21 
-0.68 
-0.30 
0.04 

-0.56 
-0.58 
-0.54 
-0.63 
-0.38 
-0.83 
-0.43 
-0.19 

㸳㸫 22



ഃྑࡢࢺࢵࣟࣉࠊࡵࡓࡿ࠸࡚࠸⏝ࢆᗙᶆ⣔ࡢ IP
㸦Z=0㸧ࡀ⨨ࠋࡿࡍ⦪㍈ࡣ QC1P ホ౯༙ᚄࡢ Rref 
= 10 mm ୖ᭱ࠋࡿ࠸࡚ࡋ♧ࢆሙᙉᗘ☢ࡢ࡛⨨ࡢ

ẁࡿ࠸࡚ࢀࡉ♧ B2 ࡣ 4 ᴟ☢ሙࣉࠋࡿ࠸࡚ࡋ♧ࢆ

ࡣ㸦㉥㸧ەࠊタィ್ࡣᐇ⥺㸦㯮㸧ࠊ୰࡛ࡢࢺࢵࣟ

Belle-II ࡣ�㸦㟷㸧ࠊᐃ್ ࡢບ☢୰࡛ࢻࣀࣞࢯ

Belle-II ࠸࡚ࡋ♧ࢆᐃ್ ࡢ࡛↓☢ບࢻࣀࣞࢯ

ࡢᐇᶵࡿࢀࡉ♧࡛ࢺࢵࣟࣉࠋࡿ 4 ᴟ☢ሙศᕸࡣタ

ィ್ࡰࢆ⌧ࡀࡇࡿ࠸࡚ࡋศࢯࠊࡓࡲࠋࡿ

☢㧗ḟࡢࠋ࠸ࡉᑠࡶᙳ㡪ࡢ↓᭷ࡢሙ☢ࢻࣀࣞ

ሙᡂศࡢ ᐃ⤖ᯝྠࡶ࡚࠸ࡘᵝࡢ᪉ἲ࡛♧ࡋ

�ࠋࡿ࠶࡚

6 ᴟ☢ሙᡂศ㸦A3ࠊB3㸧ࡣタィ࡛ࣔࣟࢮࡣ࡛ࣝࢹ

ࡢ.5.2.2ࠊࡀࡿ࠶ QC1P/E 〇స࡛ࣉࢱࢺࣟࣉ

࠺ࡼࡓࡋ♧ࡶ 4 ᴟࡢࣝࢥ⤌❧ㄗᕪࡶࡽᐜ᫆

ࡢᐇᶵࠊࡃࡍࡸࡋ⌧ฟ QC1LP ࢺࢵࣟࣉࡶ࡛

ࣝࢥ㉸ఏᑟࠊࡓࡲࠋࡿ࠸࡚ࡗᣢࢆሙศᕸ☢ࡍ♧

ሙྜࡢࡇᅗ 28㸦ࡣ QC1E㸧ࣝࢥࡍ♧➃㒊ࢥࢆ

సࡾタィ㏻ࢆ≦ᙧࡢ㒊ศࡢࡇࠊࡕᣢ➃୧ࣝ

୧ࣝࢥࠊᯝ⤖ࡢࡑࠊࡾ࠶ᅔ㞴࡛࡚ࡵᴟࡣࡇࡿ

➃㒊┦ᙜࡿࡍ⨨࡛ᒁ㒊ⓗ࡞ࡁ 6 ᴟ☢ሙࡢ

ศᕸࡀ ᐃࠋࡿ࠸࡚ࢀࡉ 
ࡣഃ࡛ࡋฟࡾྲྀࣝࣈ࣮ࢣ㉸ఏᑟࡢ㒊➃ࣝࢥ

ࡀᑐ⛠ᛶࡢࣝࢥ 4 ᴟᑐ⛠࠸࡞ࡽ࡞ࡣタィࡋ

࡛ࡢࡿ࠸࡚ B4 ᡂศࡀタィୖసࡢࡇࠋࡿࢀࡽ B4 ᡂ

ศࡢ☢▼㍈ἢࡓࡗศᕸࡶ ᐃ࡛☜ㄆ࠸࡚ࢀࡉ

 ࠋࡿ
12 ᴟ☢ሙ㸦B6㸧ࡣタィࣝࢥ➃㒊࡛ࢵࣟࣉ

ᐃ ࡣᙧࡢศᕸࡢࡑࠊࡀࡿࢀࡽసࡀศᕸࡍ♧ࢺ

ᅗࠋࡿ࠸࡚ࢀࡉ 30 ࡢᡂศࡢグୖࡣ࡛ 4 ᴟ☢ሙ

ศᕸࡢ 6 ᴟ8ࠊ ᴟ12ࠊ ᴟ☢ሙࡢศᕸࠊࡀࡓࡋ♧ࢆ

20 ᴟ☢ሙࡢ࡛ࡲ☢ሙศᕸࢆࢱ࣮ࢹගᏛࣉ࣮ࣝࢢ

 ࠋࡿ࠶ド୰᳨࡛ࢆၥ㢟Ⅼࡢ㐠㌿ୖࠊࡋሗ࿌
㛗ࡉ 20mm ࡢ Harmonic coil ሙ ᐃ☢ࡓ࠸⏝ࢆ

⤖ᯝࠊࡾࡼBelle-II ࢻࣀࣞࢯ QCS ⿵ṇࣀࣞࢯ

ࢆ▼☢㉸ఏᑟ㟁ࡿࡼ㟁☢ຊࡿࡍ⏕㛫࡛Ⓨࢻ

᱁⣡࣒࢘ࣜ࣊ࡓࡋᐜჾࢺࢵࢱࢫ࢜ࣛࢡࡢ㍈᪉

㛫ࢻࣀࣞࢯࠋࡿࡁ࡛ࡀࡇࡿࡍホ౯ࢆࡁືࡢྥ

ࡢࢻࣀࣞࢯṇ⿵ࠊࡣ࡚࠸ࡘ㟁☢ຊࡿࡍ⏕Ⓨ

❶࡛ㄝ᫂ࠋࡿࡍࢆ 
ᅗ 30 ࡢ B2ᡂศࡢኚࡀ࠸ࡁ㒊ศࡢ Z ㍈᪉ྥ

ᅗࢆࢺࢵࣟࣉࡓࡋᣑࢆ 31 ⥺┤ࢆەࠋࡓࡋ♧

ࡢບ☢୰ࢻࣀࣞࢯࡀ⥺ࡔࢇ⤖࡛ QC1LP ࢥࡢ

ࣝ➃㒊࡛ࡢ㟁☢▼㍈ἢࡓࡗኚࠋࡿ࠸࡚ࡋ♧ࢆ

ẚ㍑ᐃ್㸦�㸧 ࡢሙྜ࠸࡞ࡀሙ☢ࢻࣀࣞࢯ

ࡿࡍ QC1LP ࡣ IP ࡚ࡋࢺࣇࢩ᪉ྥࡿࢀ㞳ࡽ

࠸↓ࡢሙ☢ࢻࣀࣞࢯࠊᑦࠋࡿศࡀࡇࡿ࠸

QC1LP ࡋ⮴୍☜ṇ㠀ᖖタィ್ࡣᐃ್ ࡢ

QC1LPࠊࡾ࠾࡚ ࡋṇࡣ࡚ࡋᑐ㐍⾜᪉ྥ࣒࣮ࣅࡀ

ࡿࡼ㟁☢ຊࠋࡿศࡀࡇࡓࢀࡉ⨨タࡃ 4 ᴟ㟁

⾲ࢆኚ㔞ࡢ㍈᪉ྥ࣒࣮ࣅࡢ▼☢ 16 ࠋࡓࡋ♧

QCS-Rࢺࢵࢱࢫ࢜ࣛࢡ⤌㎸ࡓࢀࡲ㉸ఏᑟ 4ᴟ
㟁☢▼ࢻࣀࣞࢯࠊࡣ☢ሙࡿࡼ㟁☢ຊࡢᙳ㡪ࢆ

ࡽタィ್ࡶ࡚ࡵྵ 1 mm ⛬ᗘࡢㄗᕪ࠸࡚ࡗ࡞

QCS-Lࠊࡀࡿ ㉸ఏᑟࡢෆࢺࢵࢱࢫ࢜ࣛࢡ 4 ᴟ㟁

ࡣ▼☢ 2 mm ௨ୖࡢኚࡀࡇࡿ࠶ࡀศࠋࡓࡗ

QCS-L ࡢ 2 IPࠊࡕ࠺ࡢᐜჾ࣒࢘ࣜ࣊ࡢྎ ഃ⤌㎸

ࡓࢀࡲ 4 ᴟ㟁☢▼࡚࠸࠾࡞ࡁኚࡑࠊࡾ࠶ࡀ

ࡲࠋࡿ࠸࡚ࢀࡽࡵ㐍ࡀᅾ᳨ウ⌧ࡣ࡚࠸ࡘཎᅉࡢ

⾲ 16  ㉸ఏᑟ 4ᴟ㟁☢▼䛾䝋䝺䝜䜲䝗☢ሙ㟁☢
ຊ䛻䜘䜛ኚ⛣ 

㟁☢▼ 
タィ 
mm 

wo SF 
mm 

w SF 
mm 

'EMF 

mm 
'D 
mm 

QC2LE 
QC2LP 
QC1LE 
QC1LP 
QC1RP 
QC1RE 
QC2RP 
QC2RE 

-2700 
-1925 
-1410 
-935 
935 

1410 
1925 
2925 

-2700.5 
-1924.2 
-1411.8 

-934.5 
935.0 

1409.8 
1925.2 
2925.8 

-2700.7 
-1927.1 
-1413.5 

-936.9 
935.9 

1410.7 
1926.1 
2925.9 

-0.2 
-2.9 
-1.7 
-2.4 
0.9 
0.9 
0.9 
0.1 

-0.7 
-2.1 
-3.5 
-1.9 
0.9 
0.7 
1.1 
0.9 

 
ᅗ 31  QC1LP 䝁䜲䝹➃㒊☢ሙศᕸ䠄ᣑ∧䠅 

ࡢ㐍⾜᪉ྥ࣒࣮ࣅࡢࡇࠊࡓ 4 ᴟ☢ሙ⨨ࡢㄗᕪ

ᙳ㡪ࡢ㐠㌿ୖࣉ࣮ࣝࢢගᏛ࣒࣮ࣅࠊࡣ࡚࠸ࡘ

ࡇࡿࡁගᏛㄪᩚ࡛ᑐᛂ࡛ࠊࡁ㡬࡚ࡋࢆㄆ☜࡚࠸ࡘ

 ࠋࡿ࠸࡚ࡋㄆ☜ࢆ

������� ࡿࡼ:66 �ᴟ㟁☢▼☢ሙ୰ᚰ ᐃ 

SSW  ᐃ⨨࣮࣡ࣖ⨨ไᚚ㒊ࡢ┿ࢆᅗ

32 ᅗࡀ⨨ᐃ ࡢࡇࠋࡓࡋ♧ 25 ࠺ࡼࡓࡋ♧

 2 ᤣᚋ᪉ࡢࢺࢵࢱࢫ࢜ࣛࢡࢺࢵࢿࢢ࣐ࡢྎ

ࠊࡅBe-Cu ⨨࣒࣮ࣥࣛࣅタィࢆ࣮ࣖ࣡

㓄⨨ࠋࡿࡍ┿ࡓࡋ♧⨨ࠊࡣQCS-L ࢜ࣛࢡ

ࢆࢺࢵࢱࢫ KEK ෆ㉸ఏᑟప ┿✵ᐇ㦂Ჷ࡛ᛶ⬟

ヨ㦂ࡢࡁࡓࡗ⾜ࢆᵝᏊ࡛ࠊSSW  ᐃ⨨

QCS-L 㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡඛ➃ࡀ࡚ࢀࡉ

ࠋࡿ࠼ぢᚤࡀ࣮ࣖBe-Cu࣡┿ࡢୗࠋࡿ࠸

SSW ᅗࢆ⌮ᐃཎ ࡢ 33 ࠸⏝ࢆ㸦18㸧ࠊᘧ㸦17㸧

 [10]ࠋࡍ♧࡚

Az= 5�  ] ܴ
ஶ
ୀଵ  g ቀା

ோషభ
ቁ ሾሺݔ െ ሻݔ  ݅ሺݕ െ

 ሻሿ],                            (17)ݕ

ଶǡݔ௭ሺܣሾܮ� �( ଶሻݕ െ ଵǡݔ௭ሺܣ �������������������ଵሻሿݕ
�
☢ሙ໙㓄 gࡢ 4 ᴟ☢ሙ୰ᚰ࡛ࣥࢸ࣏ࣝࢺࢡ࣋ࡢ

ࣝࣕࢩ Azࠊࡣᘧ㸦17㸧࡛⾲ࠋࡿࢀࡉᘧ୰ࠊࡢxࠊy
ࠊx0ࠊᆶ┤ᡂศࠊỈᖹࡢᇶ‽ᗙᶆ⣔࡛ࡢ࣮ࣖ࣡ࡣ

y0  ࠋࡿ࠶࡛ࢺࢵࢭࣇ࢜ࡢᗙᶆ⣔࡛ࡢ▼☢ࡣ
 ᐃჾࡀ࣮ࣖ࣡ࡢⅬ 1㸦x1ࠊy1㸧ࡽⅬ 2㸦x2ࠊ

y2㸧ࡿࡼࡇࡿࡍື⛣☢᮰ࡢኚ㔞)ࠊࡣᘧ

㸦��㸧࡛♧ࡢ(ࠋࡿࢀࡉ ᐃ4ࠊࡽ ᴟ☢ሙ୰ᚰ

�ࠋࡿࡍᐃ ࢆ⨨
SSW ☢ࡢ▼☢㉸ఏᑟ�ᴟ㟁ࡓࢀࡉᐃ ࡚࠸⏝ࢆ

ሙ୰ᚰࠊࡣ��⾲ࠋࡓࡋ♧��⾲ࢆBelle-II ࣀࣞࢯ

࠸ࡘᙳ㡪ࡢ↓᭷ࡢሙ☢ࢻࣀࣞࢯṇ⿵ࢻ

ࠊࡾࡼ㟁☢ຊࡢሙ㛫☢ࢻࣀࣞࢯࠋࡓࡋ♧ࡶ࡚

 

ᅗ 32  SSW ᐃ⨨䝽䜲䝲䞊⨨ไᚚ㒊 

ᅗ 33  SSW 䛸㟁☢▼䛻ᑐ䛩䜛ᗙᶆ⣔ 

⾲ 17  䝡䞊䝮䝷䜲䞁ୖ䛾 4 ᴟ☢ሙ୰ᚰ䠄䝡䞊䝮ᆶ
┤㠃ෆ䠅䛸䝋䝺䝜䜲䝗☢ሙ㟁☢ຊ䛾ᙳ㡪 

㟁☢▼ 
'x, mm 

w SF    wo SF 
'y, mm 

w SF    wo SF 

QC1LE 
QC2LE 
QC1RE 
QC2RE 
QC1LP 
QC2LP 
QC1RP 
QC2RP 

-0.21 
0.13 
0.25 
0.08 
-0.03 
-0.31 
0.04 
0.43 

-0.16 
0.11 
0.14 
0.07 
-0.14 
-0.41 
0.69 
0.45 

-0.29 
-0.54 
-0.37 
-0.58 
-0.21 
-0.68 
-0.30 
0.04 

-0.56 
-0.58 
-0.54 
-0.63 
-0.38 
-0.83 
-0.43 
-0.19 

㸳㸫 23㸳㸫 22



⿵ṇࡣࢻࣀࣞࢯ IP 㟁᪉ྥࡿࢀࡉฟࡋᢲࡽ

☢ຊࡀస⏝ࡢࡇࠊࡋ㟁☢ຊࡀࢺࢵࢱࢫ࢜ࣛࢡࡣ

ᅛࡽᗋࡣࢺࢵࢱࢫ࢜ࣛࢡࠋࡿ࡞ࡇࡿࡅཷ

ᐃࡓࢀࡉᯫྎ࡛ᨭᣢࠊࢀࡉୟࡘ∦ᣢࡕᨭᣢ࡚ࢀࡉ

ࡋᢲࡁྥୖࡀయࢺࢵࢱࢫ࢜ࣛࢡࠊ࡛ࡢࡿ࠸

⾲ࠋࡿࢀࡽࡆୖ 17 ࢫ࢜ࣛࢡࠊ࠺ࡼࡿศࡽ

ࡿ࠸࡚ࢀࡉ⨨タඛ➃㒊ࢺࢵࢱ QC1LP  QC1RP
ࠊྛࡣኚࡿࡼ㟁☢ຊࡢᆶ┤᪉ྥࡢ 0.17mmࠎ

0.13mm ሙ☢ࢻࣀࣞࢯ㐠㌿≧ែ㸦࣒࣮ࣅࠋࡿ࠶࡛

᭷㸧࡛ࡢ 4 ᴟ㟁☢▼୰ᚰࡢタィࡽ࣒࣮ࣥࣛࣅ

QC1P/Eࠊࡣㄗᕪࡢ r 0.5mmࡀ ௨ෆࠊQC2P/E  rࡶ
1mm ௨ෆ࡛ࡢࡇࠊࡾ࠶ㄗᕪࡣ⿵ṇ㟁☢▼࡚ࡋ⤌

㎸ࡿ࠸࡚ࢀࡲ a1ࠊb1 2 ᴟ㟁☢▼ࡾࡼ⿵ṇࡇࡿࡍ

 ࠋࡿࡁ࡛ࡀ

6.� ㉸ఏᑟ⿵ṇ㟁☢▼ 

����� ㉸ఏᑟ⿵ṇ㟁☢▼ࡢタィ 

㉸ఏᑟ⿵ṇ☢▼ࡣᩘ⥲ࡢ 43 ࠊୖ⬟ᶵࡢࡑࠊ࡛ྎ

2 1ࠋࡿࢀࡉศ㢮ࡘ ࡍ⏝⏝ㄪᩚ࣒࣮ࣅࡣࡘ

ࡣࠊࡢࡶࡿ QC1LP  QC1RP ࡽ HER ࣮ࣅ

⿵ࡿࡍࣝࢭࣥࣕ࢟ࢆሙ☢ࡿࡃ࡚ࢀ₃࣒ࣥࣛ

ṇ㟁☢▼࡛࣒࣮ࣅࠋࡿ࠶ㄪᩚ⏝⏝ࡿࡍ㟁☢▼

㉸ఏᑟࠊࡣ 4 ᴟ㟁☢▼୰ᚰ⨨࣒࣮ࣅࡢᆶ┤㠃ෆ

ࡢࡵࡓࡿࡍㄪᩚࢆㄗᕪࡢࡽ㌶㐨࣒࣮ࣅࡢ a1 

b1 ⿵ṇ☢▼4ࠊ ᴟ☢ሙࡢ┦ゅᗘࢆㄪᩚࡵࡓࡿࡍ

ࡢ a2 ⿵ṇ☢▼ࡀ 4 ᴟ☢▼࣮࣎ෆ⤌㎸࡚ࢀࡲ

4ࠊࡓࡲࠋࡿ࠸ ᴟ㟁☢▼ࡢ〇సㄗᕪࡽⓎ⏕ࡿࡍ

6 ᴟ☢ሙ8ࠊ ᴟ☢ሙࡢᙳ㡪ࢆ⿵ṇࡢࡵࡓࡿࡍ a3ࠊ

b3ࠊb4 ⿵ṇ㟁☢▼ࡳ⤌ࡀ㎸ࠋࡿ࠸࡚ࢀࡲᅗ 13 ࡛♧

ࡓࡋ QC1P 4 ᴟ㟁☢▼᩿㠃ᅗࠊࡣ✵㛫ⓗ࡞ไ⣙

ࡽ a1ࠊb1ࠊa2 ࡀ▼☢ṇ㟁⿵ࡢ QC1P 4 ᴟ㟁☢▼

ࡓࡲࠊࢀࡲ㎸ࡳ⤌ෆ⟄㒊ࣝࢥ QC1LP ࣮ࣛ࢝

እ࿘㒊 b4 ⿵ṇ㟁☢▼ࠊQC1RP ࡣ a3 b4⿵ṇ

㟁☢▼ྲྀࡀࠋࡿ࠸࡚ࢀࡽࡅ㉸ఏᑟ⥺ࠊࡣ┤ᚄࡀ

0.35 mm ࠸⣽ࡢ NbTi ㉸ఏᑟ⥺ࢆ⏝ࠊࡋཌࡀࡳ

1 mm ௨ୗࡢ㉸ఏᑟࢆࣝࢥ〇సࠋࡓࡋQC1Eࠊ
QC2PࠊQC2E ㉸ఏᑟ 4 ᴟ㟁☢▼࡛4ࠊࡣ ᴟࣝࢥ

⟄ෆ 4 ࠸࡚ࢀࡲ㎸ࡳ⤌ࡀ▼☢㉸ఏᑟ㟁ࡢྎ

⾲ࢆタィ☢ሙᙉᗘࡢ▼☢㉸ఏᑟ⿵ṇ㟁ࠋࡿ 18 

 ࠋࡓࡵ⧳

 
 

 

ᅗ 35   QC1P ㉸ఏᑟࣝࢭࣥࣕ࢟ሙ☢ࢀ₃ 6 ᴟࢥ

ࣝᒎ㛤ᅗ㸦ୖ㸧ࠊ㉸ఏᑟ 6 ᴟ㟁☢▼ QC1Pࠋ 

⾲ 18  䝡䞊䝮ㄪᩚ⏝⿵ṇ㟁☢▼タィ☢ሙᙉᗘ 

㟁☢▼ 
a1 

Tm 
b1 

Tm 
a2 
T 

a3 
T/m 

b3 

T/m 
b4 

T/m2 
QC2RE 0.015 0.015 0.37 1.1 í í 
QC2RP 0.03 0.03 0.31 0.9 í í 

QC1-2RE í í í í 18.2 í 
QC1-2RP í í í í 11.5 í 
QC1RE 0.027 0.046 0.75 4.6 í í 
QC1RP 0.016 0.016 0.64 í 5.1 60 
QC1LP 0.016 0.016 0.64 í í 60 
QC1LE 0.027 0.046 0.75 í í 60 
QC2LP 0.03 0.03 0.31 í í 60 
QC2LE 0.015 0.015 0.37 í í 60 

ᅗ 34   QC1LP/RP 䛛䜙 HER 䝡䞊䝮䝷䜲䞁䜈䛾₃

䜜☢ሙศᕸ䚹Z䠖IP䛛䜙䛾㊥㞳䚹 

QC1P 2ࠊࡵࡓ࠸࡞ࡓᣢࢆࢡẼ࣮ࣚ☢ࡣ 㟁ࡢྎ

ࡿ࠶㏆┤ࡢ▼☢ HER 4ࠊࡣ࣒࣮ࣥࣛࣅ ᴟ㟁

☢ࢀ₃ࡢࡇࠋࡿࢀࡉ␚㔜ࡀሙ☢ࡓࡋ⏕Ⓨࡽ▼☢

ሙࡣ࡚ࡢከᴟᡂศ࣒࣮ࣅࠊࡾ࠾࡛ࢇྵࢆ㐠㌿

ᑐࡿࡍᙳ㡪ࡣ㠀ᖖࠋ࠸ࡁᅗ 34 ࣒࣮ࣛࣅ

ࡓࡗἢࣥ 2 ᴟ(B1)㹼12 ᴟ(B6)ࢀ₃ࡢ☢ሙศᕸࢆ

࡚ࡋ್ࢡ࣮ࣆࡣB1ࠋࡓࡋ♧ 0.1184 T ࠋࡿࡍ㐩

B1ࠊෆࡢሙᡂศ☢ࡽࢀࡇ  B2 ☢ࡢࡇࡣ࡚࠸ࡘ

ሙศᕸ࣒࣮ࣅࡔࢇྵࢆගᏛタィࠊ࠸⾜ࢆB3㹼B6
⿵ࡿࡍࣝࢭࣥࣕ࢟ࢆࡢࡶࡢࡑሙศᕸ☢ࡣ࡚࠸ࡘ

ṇ㟁☢▼ࢆ〇సࡋ HER ࡿࡍ⨨タ࣒࣮ࣥࣛࣅ

ࡓࡗἢ㐍⾜᪉ྥ࣒࣮ࣅࠋࡓࡋࡇ QC1P ࡽ

ࡀ࣒࣮ࣥࣛࣅࡢ㝧㟁Ꮚ㟁Ꮚࠊࡣሙ☢ࢀ₃ࡢ

ᕪゅᗘࢆᣢ࡚ࡗ㓄⨨࣒࣮ࣅ࡛ࡢࡿ࠸࡚ࢀࡉ㍈ୖ

࡛ᅗࡍ♧ศᕸࢆᣢࡢࡇࠋࡘ☢ሙศᕸࢆᡴᾘࡓࡍ

ࡉ㛗ࡢ㒊⥺┤ࣝࢥࡢ࣮ࣥࢱྛ�≦ᙧ࡞Ṧ≉ࡵ

タィࢆࣝࢥ㉸ఏᑟࡢ�ࣝࢥ㉸ఏᑟࡓࡋㄪ⠇ࢆ

ᒎ㛤ᅗࡢࣝࢥࡢࡑࠋࡓࡋ QC1P ⨨㛵ಀࡢ

ᅗࢆ 35 �ࠋࡓࡋ♧

����� ㉸ఏᑟ⿵ṇ㟁☢▼ࡢ〇స 

㉸ఏᑟ⿵ṇ☢▼ࡣ⡿ᅜ Brookhaven ᅜ❧◊✲ᡤ

(BNL)ࡢඹྠ◊✲࡛㛤ⓎࠊࢀࡉBNL Ṧ≉ࡘᣢࡀ

ᢏ⾡࡛ࡿ࠶ Direct Winding Method[8]࡚࠸⏝ࢆ〇స

㉸ఏࡓࡋሬᕸ㠃⾲ࢆ᥋╔ࠊࡣ⾡ᢏࡢࡇࠋࡓࡋ

ᑟ⥺ࢆ㉸㡢Ἴ࡛ຍ⇕ࣉࣃࡋ⾲㠃᥋╔ࡶࡿࡍ

ࠋࡿࡁ࡛ࡀࡇࡿࡍ⨨㓄☜ṇࢆ⥺㉸ఏᑟࠊ࡛ࡢ

QCS DWMࠊࡣ࡛ ᪉ᘧࡾࡼ㉸ఏᑟ 4 ᴟ㟁☢▼ෆ

⟄㒊ࡢ㝈ࡓࢀࡽ✵㛫 3 ྎ㹼4 ከࢆ▼☢ṇ⿵ࡢྎ

ᒙ≧⤌㎸ࠋࡓࡁ࡛ࡀࡇࡴ⏝ࡓࡋ㉸ఏᑟ࣡

⾲ࢆࢱ࣮࣓ࣛࣃࡢ࣮ࣖ 19 ▼☢ṇ㟁⿵ࠋࡓࡋ♧

〇సࠊ࡚ࡋBNL ࡢ୰⥺ࡁᕳࣝࢥ࡛ QC1RP
2࣮ࣗ࢟ࢫ⏝ ᴟ㸦a1㸧⿵ṇ㟁☢▼ࢆᅗ 36  ࠋࡓࡋ♧

〇స୰ࡢ QC1P ࡕ࠺ࡢᡂศࡢሙ☢ࢀ₃ࡢࡽ 6
ᴟ☢ሙ(b3)ࡿࡍࣝࢭࣥࣕ࢟ࢆ㉸ఏᑟ⿵ṇࢆࣝࢥ

ᅗ 37 㠃⾲ୖࡢࣝࢥࡢࡇࠋࡓࡋ♧ 8 ᴟ(b4)ࠊ
10 ᴟ(b5)12ࠊ ᴟ(b6)⿵ṇ☢▼ࡀ㔜ࡡᕳࠋࡿ࠸࡚ࢀࡉ�

����� ㉸ఏᑟ⿵ṇ㟁☢▼ࡢ☢ሙ ᐃ⤖ᯝ 

〇సࡓࢀࡉ⿵ṇ㟁☢▼ࠊࡣBNL ࡛ᐊ ࡢ☢ሙ 

ᐃࡀᐇࡀ▼☢ࠊࢀࡉタィࡓࢀࡉ☢ሙࢆᐃ㟁ὶ࡛

Ⓨ⏕ࡀࡇࡿࡍ☜ㄆࠋࡓࢀࡉKEK ᾮయࠊᚋ╔฿

㉸ఏᑟ≧ែ࡛⿵ṇ㟁☢▼༢ࢀࡉ෭༷࡛࣒࢘ࣜ࣊

యࡢ☢ሙ ᐃࠊࡓࡲࠋࡓࢀࢃ⾜ࡀ㉸ఏᑟ 4 ᴟ㟁☢

࣒࣮ࣅࠊࡳ㎸⤌ࢺࢵࢱࢫ࢜ࣛࢡ࣭ࡅྲྀ▼

☢࡞ⓗ⤊᭱ᚋࡓࡅ࠼ᤣࢆ࣒ࢸࢫࢩࣥࣛ

ሙ ᐃࠊ࠸⾜ࢆ⿵ṇ㟁☢▼ࡢ࡚ࡋᛶ⬟ࢆ☜ㄆࡋ

ࡣሙ ᐃ☢ࠋࡓ Harmonic ⿵ࠋࡓࡗ⾜ࡾࡼࣝࢥ

ṇ㟁☢▼ࡣí60 A~+60 A ࠊࡵࡓࡘᣢࢆస㡿ᇦືࡢ

0AЍ60AЍí60AЍ0A ᐃ㟁ὶ್ ࡛ࣉ㟁ὶ࣮ࣝࡢ

ሙ ᐃ⤖ᯝ☢ࠋࡓࡗ⾜ࢆሙ ᐃ☢ࡾ༊ษࡃ⣽ࢆ

⾲ࠊࢆ 20 ್⾲௦ࡢᐃ ࠊࡣ್ࡢ୰⾲ࠋࡓࡵ⧳

r60A࡚ࡋ ᐃ್ ࡢ࡛ 0A ୗ㟁ὶୖ᪼ࡢ࡛

㝆ࡢ㉸ఏᑟయෆࡿࡼࢫࢩࣜࢸࢫࣄࡢ ᐃ್

0Aࠋࡓࡋ♧ࢆᕪࡢ ㏆࡛ࡃ⏝ࡿࢀࡉ⿵ṇ㟁☢▼

ࡁࡀᙳ㡪ࡢࢫࢩࣜࢸࢫࣄࡢ㉸ఏᑟయෆ㒊ࠊࡣ

QC1Pࠊࡃ ࡢ a1ࠊb1⿵ṇ㟁☢▼ࡣr60 A ࡛సࡇࡿ

ᅗ 36 BNL䛷〇స୰䛾 QC1RP⏝ a1⿵ṇ☢▼ 

ᅗ 37  QCS-L HER ⏝࣒࣮ࣥࣛࣅ b3 ሙ☢ࢀ₃

 ▼☢㟁ࣝࢭࣥࣕ࢟

⾲ 19㻌 ㉸ఏᑟ⿵ṇ☢▼⏝㉸ఏᑟ⥺䝟䝷䝯䞊䝍 

⥺ᚄ䚸mm 0.351 
Cu/NbTiẚ 1.0 
NbTi䝣䜱䝷䝯䞁䝖ᚄ䚸Pm 5.4 
NbTi䝣䜱䝷䝯䞁䝖ᩘ 2113 
Ic at 4.2 K and 4 T, A 156 

㸳㸫 24



⿵ṇࡣࢻࣀࣞࢯ IP 㟁᪉ྥࡿࢀࡉฟࡋᢲࡽ

☢ຊࡀస⏝ࡢࡇࠊࡋ㟁☢ຊࡀࢺࢵࢱࢫ࢜ࣛࢡࡣ

ᅛࡽᗋࡣࢺࢵࢱࢫ࢜ࣛࢡࠋࡿ࡞ࡇࡿࡅཷ

ᐃࡓࢀࡉᯫྎ࡛ᨭᣢࠊࢀࡉୟࡘ∦ᣢࡕᨭᣢ࡚ࢀࡉ

ࡋᢲࡁྥୖࡀయࢺࢵࢱࢫ࢜ࣛࢡࠊ࡛ࡢࡿ࠸

⾲ࠋࡿࢀࡽࡆୖ 17 ࢫ࢜ࣛࢡࠊ࠺ࡼࡿศࡽ

ࡿ࠸࡚ࢀࡉ⨨タඛ➃㒊ࢺࢵࢱ QC1LP  QC1RP
ࠊྛࡣኚࡿࡼ㟁☢ຊࡢᆶ┤᪉ྥࡢ 0.17mmࠎ

0.13mm ሙ☢ࢻࣀࣞࢯ㐠㌿≧ែ㸦࣒࣮ࣅࠋࡿ࠶࡛

᭷㸧࡛ࡢ 4 ᴟ㟁☢▼୰ᚰࡢタィࡽ࣒࣮ࣥࣛࣅ

QC1P/Eࠊࡣㄗᕪࡢ r 0.5mmࡀ ௨ෆࠊQC2P/E  rࡶ
1mm ௨ෆ࡛ࡢࡇࠊࡾ࠶ㄗᕪࡣ⿵ṇ㟁☢▼࡚ࡋ⤌

㎸ࡿ࠸࡚ࢀࡲ a1ࠊb1 2 ᴟ㟁☢▼ࡾࡼ⿵ṇࡇࡿࡍ

 ࠋࡿࡁ࡛ࡀ

6.� ㉸ఏᑟ⿵ṇ㟁☢▼ 

����� ㉸ఏᑟ⿵ṇ㟁☢▼ࡢタィ 

㉸ఏᑟ⿵ṇ☢▼ࡣᩘ⥲ࡢ 43 ࠊୖ⬟ᶵࡢࡑࠊ࡛ྎ

2 1ࠋࡿࢀࡉศ㢮ࡘ ࡍ⏝⏝ㄪᩚ࣒࣮ࣅࡣࡘ

ࡣࠊࡢࡶࡿ QC1LP  QC1RP ࡽ HER ࣮ࣅ

⿵ࡿࡍࣝࢭࣥࣕ࢟ࢆሙ☢ࡿࡃ࡚ࢀ₃࣒ࣥࣛ

ṇ㟁☢▼࡛࣒࣮ࣅࠋࡿ࠶ㄪᩚ⏝⏝ࡿࡍ㟁☢▼

㉸ఏᑟࠊࡣ 4 ᴟ㟁☢▼୰ᚰ⨨࣒࣮ࣅࡢᆶ┤㠃ෆ

ࡢࡵࡓࡿࡍㄪᩚࢆㄗᕪࡢࡽ㌶㐨࣒࣮ࣅࡢ a1 

b1 ⿵ṇ☢▼4ࠊ ᴟ☢ሙࡢ┦ゅᗘࢆㄪᩚࡵࡓࡿࡍ

ࡢ a2 ⿵ṇ☢▼ࡀ 4 ᴟ☢▼࣮࣎ෆ⤌㎸࡚ࢀࡲ

4ࠊࡓࡲࠋࡿ࠸ ᴟ㟁☢▼ࡢ〇సㄗᕪࡽⓎ⏕ࡿࡍ

6 ᴟ☢ሙ8ࠊ ᴟ☢ሙࡢᙳ㡪ࢆ⿵ṇࡢࡵࡓࡿࡍ a3ࠊ

b3ࠊb4 ⿵ṇ㟁☢▼ࡳ⤌ࡀ㎸ࠋࡿ࠸࡚ࢀࡲᅗ 13 ࡛♧

ࡓࡋ QC1P 4 ᴟ㟁☢▼᩿㠃ᅗࠊࡣ✵㛫ⓗ࡞ไ⣙

ࡽ a1ࠊb1ࠊa2 ࡀ▼☢ṇ㟁⿵ࡢ QC1P 4 ᴟ㟁☢▼

ࡓࡲࠊࢀࡲ㎸ࡳ⤌ෆ⟄㒊ࣝࢥ QC1LP ࣮ࣛ࢝

እ࿘㒊 b4 ⿵ṇ㟁☢▼ࠊQC1RP ࡣ a3 b4⿵ṇ

㟁☢▼ྲྀࡀࠋࡿ࠸࡚ࢀࡽࡅ㉸ఏᑟ⥺ࠊࡣ┤ᚄࡀ

0.35 mm ࠸⣽ࡢ NbTi ㉸ఏᑟ⥺ࢆ⏝ࠊࡋཌࡀࡳ

1 mm ௨ୗࡢ㉸ఏᑟࢆࣝࢥ〇సࠋࡓࡋQC1Eࠊ
QC2PࠊQC2E ㉸ఏᑟ 4 ᴟ㟁☢▼࡛4ࠊࡣ ᴟࣝࢥ

⟄ෆ 4 ࠸࡚ࢀࡲ㎸ࡳ⤌ࡀ▼☢㉸ఏᑟ㟁ࡢྎ

⾲ࢆタィ☢ሙᙉᗘࡢ▼☢㉸ఏᑟ⿵ṇ㟁ࠋࡿ 18 

 ࠋࡓࡵ⧳

 
 

 

ᅗ 35   QC1P ㉸ఏᑟࣝࢭࣥࣕ࢟ሙ☢ࢀ₃ 6 ᴟࢥ

ࣝᒎ㛤ᅗ㸦ୖ㸧ࠊ㉸ఏᑟ 6 ᴟ㟁☢▼ QC1Pࠋ 

⾲ 18  䝡䞊䝮ㄪᩚ⏝⿵ṇ㟁☢▼タィ☢ሙᙉᗘ 

㟁☢▼ 
a1 

Tm 
b1 

Tm 
a2 
T 

a3 
T/m 

b3 

T/m 
b4 

T/m2 
QC2RE 0.015 0.015 0.37 1.1 í í 
QC2RP 0.03 0.03 0.31 0.9 í í 

QC1-2RE í í í í 18.2 í 
QC1-2RP í í í í 11.5 í 
QC1RE 0.027 0.046 0.75 4.6 í í 
QC1RP 0.016 0.016 0.64 í 5.1 60 
QC1LP 0.016 0.016 0.64 í í 60 
QC1LE 0.027 0.046 0.75 í í 60 
QC2LP 0.03 0.03 0.31 í í 60 
QC2LE 0.015 0.015 0.37 í í 60 

ᅗ 34   QC1LP/RP 䛛䜙 HER 䝡䞊䝮䝷䜲䞁䜈䛾₃

䜜☢ሙศᕸ䚹Z䠖IP䛛䜙䛾㊥㞳䚹 

QC1P 2ࠊࡵࡓ࠸࡞ࡓᣢࢆࢡẼ࣮ࣚ☢ࡣ 㟁ࡢྎ

ࡿ࠶㏆┤ࡢ▼☢ HER 4ࠊࡣ࣒࣮ࣥࣛࣅ ᴟ㟁

☢ࢀ₃ࡢࡇࠋࡿࢀࡉ␚㔜ࡀሙ☢ࡓࡋ⏕Ⓨࡽ▼☢

ሙࡣ࡚ࡢከᴟᡂศ࣒࣮ࣅࠊࡾ࠾࡛ࢇྵࢆ㐠㌿

ᑐࡿࡍᙳ㡪ࡣ㠀ᖖࠋ࠸ࡁᅗ 34 ࣒࣮ࣛࣅ

ࡓࡗἢࣥ 2 ᴟ(B1)㹼12 ᴟ(B6)ࢀ₃ࡢ☢ሙศᕸࢆ

࡚ࡋ್ࢡ࣮ࣆࡣB1ࠋࡓࡋ♧ 0.1184 T ࠋࡿࡍ㐩

B1ࠊෆࡢሙᡂศ☢ࡽࢀࡇ  B2 ☢ࡢࡇࡣ࡚࠸ࡘ

ሙศᕸ࣒࣮ࣅࡔࢇྵࢆගᏛタィࠊ࠸⾜ࢆB3㹼B6
⿵ࡿࡍࣝࢭࣥࣕ࢟ࢆࡢࡶࡢࡑሙศᕸ☢ࡣ࡚࠸ࡘ

ṇ㟁☢▼ࢆ〇సࡋ HER ࡿࡍ⨨タ࣒࣮ࣥࣛࣅ

ࡓࡗἢ㐍⾜᪉ྥ࣒࣮ࣅࠋࡓࡋࡇ QC1P ࡽ

ࡀ࣒࣮ࣥࣛࣅࡢ㝧㟁Ꮚ㟁Ꮚࠊࡣሙ☢ࢀ₃ࡢ

ᕪゅᗘࢆᣢ࡚ࡗ㓄⨨࣒࣮ࣅ࡛ࡢࡿ࠸࡚ࢀࡉ㍈ୖ

࡛ᅗࡍ♧ศᕸࢆᣢࡢࡇࠋࡘ☢ሙศᕸࢆᡴᾘࡓࡍ

ࡉ㛗ࡢ㒊⥺┤ࣝࢥࡢ࣮ࣥࢱྛ�≦ᙧ࡞Ṧ≉ࡵ

タィࢆࣝࢥ㉸ఏᑟࡢ�ࣝࢥ㉸ఏᑟࡓࡋㄪ⠇ࢆ

ᒎ㛤ᅗࡢࣝࢥࡢࡑࠋࡓࡋ QC1P ⨨㛵ಀࡢ

ᅗࢆ 35 �ࠋࡓࡋ♧

����� ㉸ఏᑟ⿵ṇ㟁☢▼ࡢ〇స 

㉸ఏᑟ⿵ṇ☢▼ࡣ⡿ᅜ Brookhaven ᅜ❧◊✲ᡤ

(BNL)ࡢඹྠ◊✲࡛㛤ⓎࠊࢀࡉBNL Ṧ≉ࡘᣢࡀ

ᢏ⾡࡛ࡿ࠶ Direct Winding Method[8]࡚࠸⏝ࢆ〇స

㉸ఏࡓࡋሬᕸ㠃⾲ࢆ᥋╔ࠊࡣ⾡ᢏࡢࡇࠋࡓࡋ

ᑟ⥺ࢆ㉸㡢Ἴ࡛ຍ⇕ࣉࣃࡋ⾲㠃᥋╔ࡶࡿࡍ

ࠋࡿࡁ࡛ࡀࡇࡿࡍ⨨㓄☜ṇࢆ⥺㉸ఏᑟࠊ࡛ࡢ

QCS DWMࠊࡣ࡛ ᪉ᘧࡾࡼ㉸ఏᑟ 4 ᴟ㟁☢▼ෆ

⟄㒊ࡢ㝈ࡓࢀࡽ✵㛫 3 ྎ㹼4 ከࢆ▼☢ṇ⿵ࡢྎ

ᒙ≧⤌㎸ࠋࡓࡁ࡛ࡀࡇࡴ⏝ࡓࡋ㉸ఏᑟ࣡

⾲ࢆࢱ࣮࣓ࣛࣃࡢ࣮ࣖ 19 ▼☢ṇ㟁⿵ࠋࡓࡋ♧

〇సࠊ࡚ࡋBNL ࡢ୰⥺ࡁᕳࣝࢥ࡛ QC1RP
2࣮ࣗ࢟ࢫ⏝ ᴟ㸦a1㸧⿵ṇ㟁☢▼ࢆᅗ 36  ࠋࡓࡋ♧

〇స୰ࡢ QC1P ࡕ࠺ࡢᡂศࡢሙ☢ࢀ₃ࡢࡽ 6
ᴟ☢ሙ(b3)ࡿࡍࣝࢭࣥࣕ࢟ࢆ㉸ఏᑟ⿵ṇࢆࣝࢥ

ᅗ 37 㠃⾲ୖࡢࣝࢥࡢࡇࠋࡓࡋ♧ 8 ᴟ(b4)ࠊ
10 ᴟ(b5)12ࠊ ᴟ(b6)⿵ṇ☢▼ࡀ㔜ࡡᕳࠋࡿ࠸࡚ࢀࡉ�

����� ㉸ఏᑟ⿵ṇ㟁☢▼ࡢ☢ሙ ᐃ⤖ᯝ 

〇సࡓࢀࡉ⿵ṇ㟁☢▼ࠊࡣBNL ࡛ᐊ ࡢ☢ሙ 

ᐃࡀᐇࡀ▼☢ࠊࢀࡉタィࡓࢀࡉ☢ሙࢆᐃ㟁ὶ࡛

Ⓨ⏕ࡀࡇࡿࡍ☜ㄆࠋࡓࢀࡉKEK ᾮయࠊᚋ╔฿

㉸ఏᑟ≧ែ࡛⿵ṇ㟁☢▼༢ࢀࡉ෭༷࡛࣒࢘ࣜ࣊

యࡢ☢ሙ ᐃࠊࡓࡲࠋࡓࢀࢃ⾜ࡀ㉸ఏᑟ 4 ᴟ㟁☢

࣒࣮ࣅࠊࡳ㎸⤌ࢺࢵࢱࢫ࢜ࣛࢡ࣭ࡅྲྀ▼

☢࡞ⓗ⤊᭱ᚋࡓࡅ࠼ᤣࢆ࣒ࢸࢫࢩࣥࣛ

ሙ ᐃࠊ࠸⾜ࢆ⿵ṇ㟁☢▼ࡢ࡚ࡋᛶ⬟ࢆ☜ㄆࡋ

ࡣሙ ᐃ☢ࠋࡓ Harmonic ⿵ࠋࡓࡗ⾜ࡾࡼࣝࢥ

ṇ㟁☢▼ࡣí60 A~+60 A ࠊࡵࡓࡘᣢࢆస㡿ᇦືࡢ

0AЍ60AЍí60AЍ0A ᐃ㟁ὶ್ ࡛ࣉ㟁ὶ࣮ࣝࡢ

ሙ ᐃ⤖ᯝ☢ࠋࡓࡗ⾜ࢆሙ ᐃ☢ࡾ༊ษࡃ⣽ࢆ

⾲ࠊࢆ 20 ್⾲௦ࡢᐃ ࠊࡣ್ࡢ୰⾲ࠋࡓࡵ⧳

r60A࡚ࡋ ᐃ್ ࡢ࡛ 0A ୗ㟁ὶୖ᪼ࡢ࡛

㝆ࡢ㉸ఏᑟయෆࡿࡼࢫࢩࣜࢸࢫࣄࡢ ᐃ್

0Aࠋࡓࡋ♧ࢆᕪࡢ ㏆࡛ࡃ⏝ࡿࢀࡉ⿵ṇ㟁☢▼

ࡁࡀᙳ㡪ࡢࢫࢩࣜࢸࢫࣄࡢ㉸ఏᑟయෆ㒊ࠊࡣ

QC1Pࠊࡃ ࡢ a1ࠊb1⿵ṇ㟁☢▼ࡣr60 A ࡛సࡇࡿ

ᅗ 36 BNL䛷〇స୰䛾 QC1RP⏝ a1⿵ṇ☢▼ 

ᅗ 37  QCS-L HER ⏝࣒࣮ࣥࣛࣅ b3 ሙ☢ࢀ₃

 ▼☢㟁ࣝࢭࣥࣕ࢟

⾲ 19㻌 ㉸ఏᑟ⿵ṇ☢▼⏝㉸ఏᑟ⥺䝟䝷䝯䞊䝍 

⥺ᚄ䚸mm 0.351 
Cu/NbTiẚ 1.0 
NbTi䝣䜱䝷䝯䞁䝖ᚄ䚸Pm 5.4 
NbTi䝣䜱䝷䝯䞁䝖ᩘ 2113 
Ic at 4.2 K and 4 T, A 156 

㸳㸫 25㸳㸫 24



ࡿࡁ࡛ࡀ 2 ᴟ☢ሙࡢ ࡢࡇࠋࡿࡍᙜ┦4%~3%

Ⅽࠊ⿵ṇ㟁☢▼ࡢ㐠⏝᪉ἲࡣ࡚࠸ࡘὀពࡀᚲせ

ࡿࢀࡲ㎸ࡳ⤌ࡀࡽࢀࡑ▼☢ṇ㟁⿵ࠋࡿ࠶࡛ 4 ᴟ

㟁☢▼ࡢ☢ሙ㠃ࡢ┦ゅᗘࡣ〇సㄗᕪࡽí30 
mrad~30 mrad b1ࠊa1ࠋࡿ࠸࡚ࢀࡲྵࡀᅇ㌿ㄗᕪࡢ

⿵ṇ㟁☢▼ࡢᅇ㌿ࠊࡣ⿵ṇ㟁☢▼ෆࡢ☢ሙྜࡢᡂ

࡛㐠⏝ୖၥ㢟ࡃ࡞⿵ṇࠋࡿࡁ࡛ࡀࡇࡿࡍa2⿵ṇ

㟁☢▼ࡶ࡚࠸ࡘ 4 ᴟ㟁☢▼ྜࡢᡂ☢ሙ࡞

ࡍㄪᩚ࡛ㄪᩚࡢ㟁ὶ್ࡢ▼☢ṇ㟁⿵ࠊࡽࡇࡿ

6ࠋࡿࡁ࡛ࡀࡇࡿ ᴟ8ࠊ ᴟ⿵ṇ㟁☢▼ࡢゅᗘㄗᕪ

ࡿࡍウ᳨ࢆᙳ㡪ࡢࡑගᏛⓗ࣒࣮ࣅࠊࡣ࡚࠸ࡘ

ᚲせࠋࡿ࠶ࡀ 
QC1P ࡍᡴᾘࢆሙ☢ࡿࡃ࡚ࢀ₃ࡽ b3ࠊb4ࠊb5ࠊ

b6 㟁☢▼ࡶ࡚࠸ࡘ☢ሙ ᐃࡢࡑࠊࢀࢃ⾜ࡀᶵ⬟

ᅗࠋࡓࢀࡉㄆ☜ࡀ 38㸦ୖᅗ㸧ࠊࡣQC1LP ࢆ 1625A
ࡢ࡛ୖ࣒࣮ࣥࣛࣅ㟁Ꮚࡢሙྜࡓࡋ☢ບ

QC1LP ࡲࠋࡿ࠸࡚ࡋ♧ࢆᐃ⤖ᯝ ࡢሙ☢ࢀ₃ࡢ

࠶タィ್࡛▼☢㟁ࣝࢭࣥࣕ࢟ྛࠊୗᅗྠࠊࡓ

ࡿ 40.1 A㸦B3㸧26.0ࠊ A㸦B4㸧17.2ࠊ A㸦B5㸧13.5ࠊ A
㸦B6㸧ࢆ㏻㟁ࠊࡋQC1LP ࡍᡴᾘࢆሙ☢ࢀ₃ࡢࡽ

 ࠋࡓࡋ♧ࢆᵝᏊࡿ࠸࡚ࡋᡂຌࡇ

⾲ 20  ⿵ṇ㟁☢▼☢ሙ ᐃ⤖ᯝ 

㟁☢▼ Type 60A -60A 'h 
@0A 

T mrad 

QC1LP 

a1 0.018 -0.018 -0.001 15.0 
b1 0.015 -0.014 -0.001 25.6 
a2 0.806 -0.803 -0.038 -31.0 
b4 294.5 -292.6 13.4 -1.7 

QC1RP 

a1 0.017 -0.018 0.001 10.7 
b1 0.016 -0.016 -0.001 11.9 
a2, 0.797 -0.799 -0.043 5.2 
b4 -264.8 267.1 14.2 -14.3 
b3 -9.55 9.41 0.21 -4.4 

QC1LE 

a1 0.033 -0.032 -0.001 -16.2 
b1 0.055 -0.055 -0.001 -6.1 
a2, 0.932 -0.931 -0.055 -6.1 
b4 724.3 -723.6 23.9 -1.2 

QC1RE 

a1 -0.031 0.0313 0.001 3.8 
b1 0.0550 -0.055 -0.001 2.4 
a2, 0.888 -0.889 -0.051 -4.0 
a3 -22.60 22.69 1.29 4.1 

QC2LP 

a1 0.036 -0.036 -0.001 3.9 
b1 0.041 -0.041 -0.001 8.6 
a2 0.640 -0.640 -0.031 9.3 
b4 -159.5 159.4 9.18 10.2 

QC2RP 

a1 -0.058 0.058 0.001 -0.1 
b1 0.042 -0.042 -0.001 -0.1 
a2, 0.630 -0.629 -0.032 5.9 
a3 -1.585 1.662 0.138 28.0 

QC2LE 

a1 0.040 -0.040 -0.001 2.3 
b1 0.044 -0.044 -0.001 3.8 
a2 0.753 -0.752 -0.035 -8.0 
b4 142.0 -142.0 -6.70 -4.4 

QC2RE 

a1 -0.031 0.031 0.001 -6.6 
b1 -0.035 0.035 0.001 11.2 
a2, 0.600 -0.600 -0.034 -7.6 
a3 6.493 -6.446 -0.322 -12.6 

QC1-
2RE b3 55.51 -55.49 -0.089 -45.3 

QC1-
2RP b3 -28.03 28.03 0.051 -4.5 

䛣䛾⾲୰䛷✚ศ☢ሙ䛾༢䛿䚸a1 䛸 b1 ⿵ṇ㟁☢

▼䛿 Tm 䚸 a2 ⿵ṇ㟁☢▼䛷䛿 T䚸 a3 䛸 b3⿵ṇ

㟁☢▼䛿 T/m 䚸 b4⿵ṇ㟁☢▼䛿 T/m2䚸'h䛿㟁

ὶ䜢ୖ䛢ୗ䛢䛩䜛䛾 0A 䛷䛾 ᐃ್䛾ᕪ䚸T䛿
䛭䜜䛜⤌㎸䜎䜜䛶䛔䜛 4ᴟ㟁☢▼䛾☢ሙ㠃䛸䛾
┦ゅᗘ䛾ᕪ䜢♧䛧䛶䛔䜛䚹 

 

 

ᅗ 38   QC1LP ࢭࣥࣕ࢟ሙ b3, b4, b5, b6☢ࢀ₃⏝

ࣝ㟁☢▼ࡢ☢ሙศᕸ㸦ୖ㸧ࠊQC1LP ☢ࢀ₃ࡢࡽ

ሙࢆ b3, b4, b5, b6 㟁☢▼࡛ᡴࡕᾘࡓࡋ☢ሙ ᐃ⤖

ᯝ㸦ୗ㸧ࠋ ᐃࡢ QC1LP ࡣບ☢㟁ὶࡢ 1625A
 ࠋࡿ࠶࡛

7.� ㉸ఏᑟ⿵ṇࢻࣀࣞࢯ 

����� ㉸ఏᑟ⿵ṇࡢࢻࣀࣞࢯタィ 

㟁Ꮚ࣭㝧㟁Ꮚࡣ࣒࣮ࣅ Belle-II ㉸ఏᑟࣀࣞࢯ

ࡿࡍ⏕Ⓨࡀࢻ 1.5 T ࢆሙ୰☢ࡢ 83mrad ᕪゅᗘࡢ

ࠊESR1ࠊ㸦ESLࢻࣀࣞࢯൾ⿵ࠋࡿࡍ✺⾪࡚ࡗᣢࢆ
ESR2/3㸧ࠊࡣBelle-II ࡢ࣒࣮ࣅࡢሙ☢ࢻࣀࣞࢯ

ᙳ㡪ࡾྲྀࢆ㝖ࠊࡵࡓࡃᑐࢆࡁྥࡢᣢࡕ☢ሙࡢ

✚ศ㔞࡛ୖ࣒࣮ࣥࣛࣅ࡚ࡋᡴࡕᾘࣀࣞࢯࡍ

ࣀࣞࢯ㉸ఏᑟࡢࡽࢀࡇࠋࡿࡏࡉ⏕Ⓨࢆሙ☢ࢻ

ᅗࢆሙศᕸ☢ࡿࡍ⏕Ⓨࡀࢻ 39 Belle-IIࠋࡓࡋ♧
⥺ᐇ㉥ࢆሙศᕸ☢ࡿసࡀ༢యࢻࣀࣞࢯ

㸦㉥㸧࡛ ሙྜࡓࢀࡉ☢ບࡀࢻࣀࣞࢯࡢ࡚ࠊࡋ♧

ࡢᶓ㍈ࣇࣛࢢࠋࡓࡋ♧ᐇ⥺㸦㯮㸧࡛ࢆሙศᕸ☢ࡢ

Z=0 Z=0ࠊⅬ࡛✺⾪࣒࣮ࣅࡣ r 4mࡽ ࡢ༊㛫ྛࡢ

ࠎྛࡀሙ☢ࢻࣀࣞࢯศ✚ࡢ࡛ୖ࣒࣮ࣥࣛࣅ

࡚ࢀࡉタィࡣࢻࣀࣞࢯൾ⿵࠺ࡼࡿ࡞ࣟࢮ

ࡣᅗ୰ࠋࡿ࠸ QC1  QC2 ࠋࡓࡋ♧ࡶ⨨ࡢ

QC1LP  QC1RP ࡛⨨ࡢ Belle-II ࠊࢻࣀࣞࢯ

ESLࠊESR1 ࡀᡂ☢ሙྜࡢ 1.5 T í2.6 Tࡽ ኚ࡛ࡲ

ࠋࡿࡍගᏛタィࡽồࡿࢀࡽࡵ☢ሙศᕸࢆṇ☜

࠺ࡼࡿࡁ࡛⌧ ESL  ESR1 ࣞࢯ࠸▷ࡢᩘ「ࡣ

QC1LE/REࠊࡓࡲࠋࡿ࠸࡚ࢀࡉᵓᡂ࡛ࢻࣀ 

QC2LP/RP ESLࠊⅭࡘᣢࢆࢡẼ࣮ࣚ☢ࡣ࡛  ESR1
ࡣ Belle-II ࡓࢀࡉᡂྜࠊࡋᡴᾘࢆሙ☢ࢻࣀࣞࢯ

☢ሙศᕸࡀᴫ࠺ࡼࡿ࡞ࣟࢮࡡタィ࠸࡚ࢀࡉ

�ࠋࡿ

QCS-R ഃ࡛ࠊࡣQC2RP  QC2RE 㛫ࡢ✵㛫

Belle-II ࠊࡽࡇࡿࡃ࡚ࡋධࡀሙ☢ࢻࣀࣞࢯ

�ESR2ࡔࢇ㎸⤌⨨ࡢQC2REࡢ࣒࣮ࣥࣛࣅྛ

 ESR3 ᡴࢆሙ☢ࢻࣀࣞࢯࡓࡁ࡚ࡋධࡾࡼ

ᾘ4ࠋࡍ ⾲ࢆࢱ࣮࣓ࣛࣃࡢ▼☢㟁ࢻࣀࣞࢯࡢྎ

21 ESLࠋࡓࡵࡲ  ESR1 ࣞࢯṇ⿵እᙧᅗࡢ

ᵝᏊࡓࢀࡲ㎸⤌ෆࢺࢵࢱࢫ࢜ࣛࢡࡢࢻࣀ

ᅗࢆ 40 ᅗ 41 ESLࠋࡓࡋ♧ ࡣ 12 ಶࠊESR1 ࡣ

15 ಶࡽࢻࣀࣞࢯ࠸▷ࡢᵓᡂࠋࡿ࠸࡚ࢀࡉ�

ࢬࢧࠊࡣࣝࢥࢻࣀࣞࢯ 0.932 mm�1.384 
mm ᙧᆺ▴ࡢ NbTi ࠊࢀࡽస࡛ࣝࣈ࣮ࢣࢫࣜࣀࣔ

ESL  ESR1 ࡀᩘ࣮ࣥࢱ⥲ࡣ 4610.1  6237.1 ࡢ

ᐦᕳࠋࡿ࠶࡛ࣝࢥBelle-II ࡿ࠶ࡀሙ☢ࢻࣀࣞࢯ

≧ែ࡛2.46ࠎྛࠊࡣࢫࣥࢱࢡࢲࣥࡢ H  8.04 H 
4ࠊࡾ࠶࡛ ᴟ㟁☢▼ẚ㍑࡚ࡋࠋࡘࡶࢆ್࡞ࡁ�

�

�

�
ᅗ 40� ESL ⿵ṇࢻࣀࣞࢯ㸦ୖ㸧ࢱࢫ࢜ࣛࢡ

�ෆ㓄⨨ᅗࢺࢵ

 
ᅗ 39   Belle-II ࢻࣀࣞࢯ QCS ⿵ൾࣀࣞࢯ

 ሙศᕸ☢ࢻ

 

⾲ 21  ㉸ఏᑟ⿵ṇ䝋䝺䝜䜲䝗䝟䝷䝯䞊䝍 

㟁☢▼� ESL ESR1    ESR2/3 
�▼☢ࢻࣀࣞࢯ � � �

✚ศ☢ሙࠊTm� 2.31 3.86 0.17 
ID䚸A� 390 450 151.1 
L䚸H� 2.46 8.04 0.035 
BP䚸T� 3.56 3.05 0.3 
Lpm䚸m� 914 1575 720 
䝁䜲䝹ᩘ� 12 15 1 
⥲䝍䞊䞁ᩘ 4610 6237 1356 
RL,䚸% 49.9 46.4 11 
✚䜶䝛䝹䜼䚸kJ 187 814 0.725 

㉸ఏᑟ⥺ NbTi 
䝃䜲䝈䚸mm 0.93�1.380 
Cu/NbTi ẚ 1.8 
Ic䚸A� 1814 @4 T, 4.22 K 

㸳㸫 26



ࡿࡁ࡛ࡀ 2 ᴟ☢ሙࡢ ࡢࡇࠋࡿࡍᙜ┦4%~3%

Ⅽࠊ⿵ṇ㟁☢▼ࡢ㐠⏝᪉ἲࡣ࡚࠸ࡘὀពࡀᚲせ

ࡿࢀࡲ㎸ࡳ⤌ࡀࡽࢀࡑ▼☢ṇ㟁⿵ࠋࡿ࠶࡛ 4 ᴟ

㟁☢▼ࡢ☢ሙ㠃ࡢ┦ゅᗘࡣ〇సㄗᕪࡽí30 
mrad~30 mrad b1ࠊa1ࠋࡿ࠸࡚ࢀࡲྵࡀᅇ㌿ㄗᕪࡢ

⿵ṇ㟁☢▼ࡢᅇ㌿ࠊࡣ⿵ṇ㟁☢▼ෆࡢ☢ሙྜࡢᡂ

࡛㐠⏝ୖၥ㢟ࡃ࡞⿵ṇࠋࡿࡁ࡛ࡀࡇࡿࡍa2⿵ṇ

㟁☢▼ࡶ࡚࠸ࡘ 4 ᴟ㟁☢▼ྜࡢᡂ☢ሙ࡞

ࡍㄪᩚ࡛ㄪᩚࡢ㟁ὶ್ࡢ▼☢ṇ㟁⿵ࠊࡽࡇࡿ

6ࠋࡿࡁ࡛ࡀࡇࡿ ᴟ8ࠊ ᴟ⿵ṇ㟁☢▼ࡢゅᗘㄗᕪ

ࡿࡍウ᳨ࢆᙳ㡪ࡢࡑගᏛⓗ࣒࣮ࣅࠊࡣ࡚࠸ࡘ

ᚲせࠋࡿ࠶ࡀ 
QC1P ࡍᡴᾘࢆሙ☢ࡿࡃ࡚ࢀ₃ࡽ b3ࠊb4ࠊb5ࠊ

b6 㟁☢▼ࡶ࡚࠸ࡘ☢ሙ ᐃࡢࡑࠊࢀࢃ⾜ࡀᶵ⬟

ᅗࠋࡓࢀࡉㄆ☜ࡀ 38㸦ୖᅗ㸧ࠊࡣQC1LP ࢆ 1625A
ࡢ࡛ୖ࣒࣮ࣥࣛࣅ㟁Ꮚࡢሙྜࡓࡋ☢ບ

QC1LP ࡲࠋࡿ࠸࡚ࡋ♧ࢆᐃ⤖ᯝ ࡢሙ☢ࢀ₃ࡢ

࠶タィ್࡛▼☢㟁ࣝࢭࣥࣕ࢟ྛࠊୗᅗྠࠊࡓ

ࡿ 40.1 A㸦B3㸧26.0ࠊ A㸦B4㸧17.2ࠊ A㸦B5㸧13.5ࠊ A
㸦B6㸧ࢆ㏻㟁ࠊࡋQC1LP ࡍᡴᾘࢆሙ☢ࢀ₃ࡢࡽ

 ࠋࡓࡋ♧ࢆᵝᏊࡿ࠸࡚ࡋᡂຌࡇ

⾲ 20  ⿵ṇ㟁☢▼☢ሙ ᐃ⤖ᯝ 

㟁☢▼ Type 60A -60A 'h 
@0A 

T mrad 

QC1LP 

a1 0.018 -0.018 -0.001 15.0 
b1 0.015 -0.014 -0.001 25.6 
a2 0.806 -0.803 -0.038 -31.0 
b4 294.5 -292.6 13.4 -1.7 

QC1RP 

a1 0.017 -0.018 0.001 10.7 
b1 0.016 -0.016 -0.001 11.9 
a2, 0.797 -0.799 -0.043 5.2 
b4 -264.8 267.1 14.2 -14.3 
b3 -9.55 9.41 0.21 -4.4 

QC1LE 

a1 0.033 -0.032 -0.001 -16.2 
b1 0.055 -0.055 -0.001 -6.1 
a2, 0.932 -0.931 -0.055 -6.1 
b4 724.3 -723.6 23.9 -1.2 

QC1RE 

a1 -0.031 0.0313 0.001 3.8 
b1 0.0550 -0.055 -0.001 2.4 
a2, 0.888 -0.889 -0.051 -4.0 
a3 -22.60 22.69 1.29 4.1 

QC2LP 

a1 0.036 -0.036 -0.001 3.9 
b1 0.041 -0.041 -0.001 8.6 
a2 0.640 -0.640 -0.031 9.3 
b4 -159.5 159.4 9.18 10.2 

QC2RP 

a1 -0.058 0.058 0.001 -0.1 
b1 0.042 -0.042 -0.001 -0.1 
a2, 0.630 -0.629 -0.032 5.9 
a3 -1.585 1.662 0.138 28.0 

QC2LE 

a1 0.040 -0.040 -0.001 2.3 
b1 0.044 -0.044 -0.001 3.8 
a2 0.753 -0.752 -0.035 -8.0 
b4 142.0 -142.0 -6.70 -4.4 

QC2RE 

a1 -0.031 0.031 0.001 -6.6 
b1 -0.035 0.035 0.001 11.2 
a2, 0.600 -0.600 -0.034 -7.6 
a3 6.493 -6.446 -0.322 -12.6 

QC1-
2RE b3 55.51 -55.49 -0.089 -45.3 

QC1-
2RP b3 -28.03 28.03 0.051 -4.5 

䛣䛾⾲୰䛷✚ศ☢ሙ䛾༢䛿䚸a1 䛸 b1 ⿵ṇ㟁☢

▼䛿 Tm 䚸 a2 ⿵ṇ㟁☢▼䛷䛿 T䚸 a3 䛸 b3⿵ṇ

㟁☢▼䛿 T/m 䚸 b4⿵ṇ㟁☢▼䛿 T/m2䚸'h䛿㟁

ὶ䜢ୖ䛢ୗ䛢䛩䜛䛾 0A 䛷䛾 ᐃ್䛾ᕪ䚸T䛿
䛭䜜䛜⤌㎸䜎䜜䛶䛔䜛 4ᴟ㟁☢▼䛾☢ሙ㠃䛸䛾
┦ゅᗘ䛾ᕪ䜢♧䛧䛶䛔䜛䚹 

 

 

ᅗ 38   QC1LP ࢭࣥࣕ࢟ሙ b3, b4, b5, b6☢ࢀ₃⏝

ࣝ㟁☢▼ࡢ☢ሙศᕸ㸦ୖ㸧ࠊQC1LP ☢ࢀ₃ࡢࡽ

ሙࢆ b3, b4, b5, b6 㟁☢▼࡛ᡴࡕᾘࡓࡋ☢ሙ ᐃ⤖

ᯝ㸦ୗ㸧ࠋ ᐃࡢ QC1LP ࡣບ☢㟁ὶࡢ 1625A
 ࠋࡿ࠶࡛

7.� ㉸ఏᑟ⿵ṇࢻࣀࣞࢯ 

����� ㉸ఏᑟ⿵ṇࡢࢻࣀࣞࢯタィ 

㟁Ꮚ࣭㝧㟁Ꮚࡣ࣒࣮ࣅ Belle-II ㉸ఏᑟࣀࣞࢯ

ࡿࡍ⏕Ⓨࡀࢻ 1.5 T ࢆሙ୰☢ࡢ 83mrad ᕪゅᗘࡢ

ࠊESR1ࠊ㸦ESLࢻࣀࣞࢯൾ⿵ࠋࡿࡍ✺⾪࡚ࡗᣢࢆ
ESR2/3㸧ࠊࡣBelle-II ࡢ࣒࣮ࣅࡢሙ☢ࢻࣀࣞࢯ

ᙳ㡪ࡾྲྀࢆ㝖ࠊࡵࡓࡃᑐࢆࡁྥࡢᣢࡕ☢ሙࡢ

✚ศ㔞࡛ୖ࣒࣮ࣥࣛࣅ࡚ࡋᡴࡕᾘࣀࣞࢯࡍ

ࣀࣞࢯ㉸ఏᑟࡢࡽࢀࡇࠋࡿࡏࡉ⏕Ⓨࢆሙ☢ࢻ

ᅗࢆሙศᕸ☢ࡿࡍ⏕Ⓨࡀࢻ 39 Belle-IIࠋࡓࡋ♧
⥺ᐇ㉥ࢆሙศᕸ☢ࡿసࡀ༢యࢻࣀࣞࢯ

㸦㉥㸧࡛ ሙྜࡓࢀࡉ☢ບࡀࢻࣀࣞࢯࡢ࡚ࠊࡋ♧

ࡢᶓ㍈ࣇࣛࢢࠋࡓࡋ♧ᐇ⥺㸦㯮㸧࡛ࢆሙศᕸ☢ࡢ

Z=0 Z=0ࠊⅬ࡛✺⾪࣒࣮ࣅࡣ r 4mࡽ ࡢ༊㛫ྛࡢ

ࠎྛࡀሙ☢ࢻࣀࣞࢯศ✚ࡢ࡛ୖ࣒࣮ࣥࣛࣅ

࡚ࢀࡉタィࡣࢻࣀࣞࢯൾ⿵࠺ࡼࡿ࡞ࣟࢮ

ࡣᅗ୰ࠋࡿ࠸ QC1  QC2 ࠋࡓࡋ♧ࡶ⨨ࡢ

QC1LP  QC1RP ࡛⨨ࡢ Belle-II ࠊࢻࣀࣞࢯ

ESLࠊESR1 ࡀᡂ☢ሙྜࡢ 1.5 T í2.6 Tࡽ ኚ࡛ࡲ

ࠋࡿࡍගᏛタィࡽồࡿࢀࡽࡵ☢ሙศᕸࢆṇ☜

࠺ࡼࡿࡁ࡛⌧ ESL  ESR1 ࣞࢯ࠸▷ࡢᩘ「ࡣ

QC1LE/REࠊࡓࡲࠋࡿ࠸࡚ࢀࡉᵓᡂ࡛ࢻࣀ 

QC2LP/RP ESLࠊⅭࡘᣢࢆࢡẼ࣮ࣚ☢ࡣ࡛  ESR1
ࡣ Belle-II ࡓࢀࡉᡂྜࠊࡋᡴᾘࢆሙ☢ࢻࣀࣞࢯ

☢ሙศᕸࡀᴫ࠺ࡼࡿ࡞ࣟࢮࡡタィ࠸࡚ࢀࡉ

�ࠋࡿ

QCS-R ഃ࡛ࠊࡣQC2RP  QC2RE 㛫ࡢ✵㛫

Belle-II ࠊࡽࡇࡿࡃ࡚ࡋධࡀሙ☢ࢻࣀࣞࢯ

�ESR2ࡔࢇ㎸⤌⨨ࡢQC2REࡢ࣒࣮ࣥࣛࣅྛ

 ESR3 ᡴࢆሙ☢ࢻࣀࣞࢯࡓࡁ࡚ࡋධࡾࡼ

ᾘ4ࠋࡍ ⾲ࢆࢱ࣮࣓ࣛࣃࡢ▼☢㟁ࢻࣀࣞࢯࡢྎ

21 ESLࠋࡓࡵࡲ  ESR1 ࣞࢯṇ⿵እᙧᅗࡢ

ᵝᏊࡓࢀࡲ㎸⤌ෆࢺࢵࢱࢫ࢜ࣛࢡࡢࢻࣀ

ᅗࢆ 40 ᅗ 41 ESLࠋࡓࡋ♧ ࡣ 12 ಶࠊESR1 ࡣ

15 ಶࡽࢻࣀࣞࢯ࠸▷ࡢᵓᡂࠋࡿ࠸࡚ࢀࡉ�

ࢬࢧࠊࡣࣝࢥࢻࣀࣞࢯ 0.932 mm�1.384 
mm ᙧᆺ▴ࡢ NbTi ࠊࢀࡽస࡛ࣝࣈ࣮ࢣࢫࣜࣀࣔ

ESL  ESR1 ࡀᩘ࣮ࣥࢱ⥲ࡣ 4610.1  6237.1 ࡢ

ᐦᕳࠋࡿ࠶࡛ࣝࢥBelle-II ࡿ࠶ࡀሙ☢ࢻࣀࣞࢯ

≧ែ࡛2.46ࠎྛࠊࡣࢫࣥࢱࢡࢲࣥࡢ H  8.04 H 
4ࠊࡾ࠶࡛ ᴟ㟁☢▼ẚ㍑࡚ࡋࠋࡘࡶࢆ್࡞ࡁ�

�

�

�
ᅗ 40� ESL ⿵ṇࢻࣀࣞࢯ㸦ୖ㸧ࢱࢫ࢜ࣛࢡ

�ෆ㓄⨨ᅗࢺࢵ

 
ᅗ 39   Belle-II ࢻࣀࣞࢯ QCS ⿵ൾࣀࣞࢯ

 ሙศᕸ☢ࢻ

 

⾲ 21  ㉸ఏᑟ⿵ṇ䝋䝺䝜䜲䝗䝟䝷䝯䞊䝍 

㟁☢▼� ESL ESR1    ESR2/3 
�▼☢ࢻࣀࣞࢯ � � �

✚ศ☢ሙࠊTm� 2.31 3.86 0.17 
ID䚸A� 390 450 151.1 
L䚸H� 2.46 8.04 0.035 
BP䚸T� 3.56 3.05 0.3 
Lpm䚸m� 914 1575 720 
䝁䜲䝹ᩘ� 12 15 1 
⥲䝍䞊䞁ᩘ 4610 6237 1356 
RL,䚸% 49.9 46.4 11 
✚䜶䝛䝹䜼䚸kJ 187 814 0.725 

㉸ఏᑟ⥺ NbTi 
䝃䜲䝈䚸mm 0.93�1.380 
Cu/NbTi ẚ 1.8 
Ic䚸A� 1814 @4 T, 4.22 K 

㸳㸫 27㸳㸫 26



�

�

�
ᅗ 41� ESR1 ⿵ṇࢻࣀࣞࢯ㸦ୖ㸧 ESR1 

ESR2/3 �ෆ㓄⨨ᅗࢺࢵࢱࢫ࢜ࣛࢡ

�

ESLࠊࡓࡲ  ESR1 ࡇࡘᣢࢆᛶయ☢ෆ㒊ࡣ

ࡇࠋࡿࡍኚࡃࡁࡀࢫࣥࢱࢡࢲࣥບ☢୰ࡽ

⠇࡛ㄝ᫂ࡢሙ ᐃ⤖ᯝ☢ࡧບ☢ヨ㦂ཬࡶᵝᏊࡢ

ESR2ࠋࡿࡍ  ESR3 ᣢࢆࢱ࣮࣓ࣛࣃ▼☢ࡌྠࡣ

ࡣᩘ࣮ࣥࢱࠊࡕ 1356 ࡢࡇࠋࡿ࠶࡛ 2 ࣀࣞࢯࡢྎ

LER/HERࠊࡣࢻ ࡿࢀࡉ⨨タࠎྛ࣒࣮ࣥࣛࣅ

ࡣ☢ບࠊࢀࡉ⥆㟁Ẽ᥋ิ┤ࠊࡀ 1 ⾜࡛※㟁ࡢྎ

�ࠋ࠺

㏻㟁㟁ᕫ☢ሙ⮬ࠊࡣ㟁☢▼༢య࡛ࢻࣀࣞࢯ

ὶࡿࡼ㟁☢ຊࣝࢥࡾࡼᮏయ༙ࡣᚄ᪉ྥ

ࡍ⏝సࡣ㟁☢ຊࡁྥࡿࢀࡉ⦰ᅽ㍈᪉ྥࠊࢀ⭾

Belle-IIࠊࡣࢻࣀࣞࢯṇ⿵ࡢࡇࠊࡽࡀ࡞ࡋ↛ࠋࡿ
࠺ࡼࡿసࢆሙ☢ࡢࡁᑐྥሙ☢ࢻࣀࣞࢯ

タィࠊ࡛ࡢࡿ࠸࡚ࢀࡉ㏻㟁㟁ὶ್ࡀᑠ࠸ࡉ㛫༙ࡣ

ᚄ᪉ྥᅽ⦰ࠊࢀࡉ㍈᪉ྥఙࡁྥࡿࡧ㟁☢ຊ

ᅗ࡚࠸ࡘኚࡢ㟁☢ຊࡢᚄ᪉ྥ༙ࠋࡿࡍ⏝సࡀ

42 ESLࠊࡣࢺࢵࣟࣉࡢᅗ୰ࠋࡓࡋ♧  ESR1 ࡢ

IP ࢥࢆ㟁☢ຊ⥲ࡿࡍ⏝సࣝࢥ࠸㏆ࡶ᭱

್࡛ࡓࡋ⟭ᅽຊࡿࡍ⏝స✚㠃ࡢෆ㠃ࣝ

ࢆ⋠ẚࡿࡍᑐタィ㟁ὶ㸦100%㸧ࠊࡣᶓ㍈ࠋࡿ࠶

ᚄ༙ࡀ㌟⮬ࣝࢥẁ㝵࡛ࡢບ☢ึᮇࠋࡿ࠸࡚ࡋ♧

᪉ྥ㸦ࡢ୰ᚰ࡚ࡗྥ㸧 Belle-II ☢㟁ࡽ

ຊࡢࡇࠋࡿࡅཷࢆᅽຊࡣí1.5㹼í1.9 MPa┦ᙜࠊࡋ

ESL  ESR1 ࡅཷࢆᅽຊࡢࡇࡀࣥࣅ࣎ࣝࢥࡢ

ࡳཌࡿ࠼⪏ᅽຊࡢࡇࠊࡣࣥࣅ࣎ࣝࢥࠋࡿ

㸦5mm㸧ࠋࡿ࠸࡚ࡗ࡞タィ㟁ὶ࡛ࠊࡣESL  ESR1
⮬ᕫ☢ሙࡿࡼ㟁☢ຊࡀ Belle-II ሙ☢ࢻࣀࣞࢯ

ࡁᚄ᪉ྥእྥ༙ࡾ࡞ࡃࡁࡶࡾࡼ㟁☢ຊࡢࡽ

�ࠋࡿࡍ⏝సࡀຊࡢ

����� ㉸ఏᑟ⿵ൾࡢࢻࣀࣞࢯ〇స 

ᅗ 43 ᅗ 44  ESL  ESR1 ࡢ〇సᚋࡢ

ࡀ࣒࣮ࣥࣛࣅࡢ㟁Ꮚ࣭㝧㟁Ꮚࠋࡓࡋ♧ࢆ┿ 83 
mrad ෆࡢ▼☢ࢻࣀࣞࢯࠊࡽࡇࡘᣢࢆゅᗘࡢ

ᚄࡣ IP ࡲࠋࡿ࠸࡚ࡗ࡞ࡃࡁ࡚ࡗᚑ㊥㞳ࡢࡽ

࠼ᢚࢆࡳࡿࡺࡢࣝࣈ࣮ࢣ㉸ఏᑟࡿࡼ㟁☢ຊࠊࡓ

ᙇຊࣝࣈ࣮ࢣ㉸ఏᑟࡣ〇సࣝࢥࠊࡵࡓࡿ

ࡗ⾜ࢆ⥺ࡁᕳࡽࡀ࡞࠸⾜ࢆྵࢩ࣏࢚࢟ࠊࡅࢆ

�ࠋࡓ

�

�
ᅗ 42� ບ☢ࡾࡼ ESL  ESR1 ࡿࡍ⏝స Belle-
II  㟁☢ຊࡢᚄ᪉ྥ༙ࡢࡽ
�

�

�
ᅗ 43� QCS-L ࡓࢀࡲ㎸⤌ ESL 

 

�
ᅗ 44� QCS-R ࡓࢀࡲ㎸⤌ ESR1 

�
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�

�

�
ᅗ 41� ESR1 ⿵ṇࢻࣀࣞࢯ㸦ୖ㸧 ESR1 

ESR2/3 �ෆ㓄⨨ᅗࢺࢵࢱࢫ࢜ࣛࢡ

�

ESLࠊࡓࡲ  ESR1 ࡇࡘᣢࢆᛶయ☢ෆ㒊ࡣ

ࡇࠋࡿࡍኚࡃࡁࡀࢫࣥࢱࢡࢲࣥບ☢୰ࡽ

⠇࡛ㄝ᫂ࡢሙ ᐃ⤖ᯝ☢ࡧບ☢ヨ㦂ཬࡶᵝᏊࡢ

ESR2ࠋࡿࡍ  ESR3 ᣢࢆࢱ࣮࣓ࣛࣃ▼☢ࡌྠࡣ

ࡣᩘ࣮ࣥࢱࠊࡕ 1356 ࡢࡇࠋࡿ࠶࡛ 2 ࣀࣞࢯࡢྎ

LER/HERࠊࡣࢻ ࡿࢀࡉ⨨タࠎྛ࣒࣮ࣥࣛࣅ

ࡣ☢ບࠊࢀࡉ⥆㟁Ẽ᥋ิ┤ࠊࡀ 1 ⾜࡛※㟁ࡢྎ

�ࠋ࠺

㏻㟁㟁ᕫ☢ሙ⮬ࠊࡣ㟁☢▼༢య࡛ࢻࣀࣞࢯ

ὶࡿࡼ㟁☢ຊࣝࢥࡾࡼᮏయ༙ࡣᚄ᪉ྥ

ࡍ⏝సࡣ㟁☢ຊࡁྥࡿࢀࡉ⦰ᅽ㍈᪉ྥࠊࢀ⭾

Belle-IIࠊࡣࢻࣀࣞࢯṇ⿵ࡢࡇࠊࡽࡀ࡞ࡋ↛ࠋࡿ
࠺ࡼࡿసࢆሙ☢ࡢࡁᑐྥሙ☢ࢻࣀࣞࢯ

タィࠊ࡛ࡢࡿ࠸࡚ࢀࡉ㏻㟁㟁ὶ್ࡀᑠ࠸ࡉ㛫༙ࡣ

ᚄ᪉ྥᅽ⦰ࠊࢀࡉ㍈᪉ྥఙࡁྥࡿࡧ㟁☢ຊ

ᅗ࡚࠸ࡘኚࡢ㟁☢ຊࡢᚄ᪉ྥ༙ࠋࡿࡍ⏝సࡀ

42 ESLࠊࡣࢺࢵࣟࣉࡢᅗ୰ࠋࡓࡋ♧  ESR1 ࡢ

IP ࢥࢆ㟁☢ຊ⥲ࡿࡍ⏝సࣝࢥ࠸㏆ࡶ᭱

್࡛ࡓࡋ⟭ᅽຊࡿࡍ⏝స✚㠃ࡢෆ㠃ࣝ

ࢆ⋠ẚࡿࡍᑐタィ㟁ὶ㸦100%㸧ࠊࡣᶓ㍈ࠋࡿ࠶

ᚄ༙ࡀ㌟⮬ࣝࢥẁ㝵࡛ࡢບ☢ึᮇࠋࡿ࠸࡚ࡋ♧

᪉ྥ㸦ࡢ୰ᚰ࡚ࡗྥ㸧 Belle-II ☢㟁ࡽ

ຊࡢࡇࠋࡿࡅཷࢆᅽຊࡣí1.5㹼í1.9 MPa┦ᙜࠊࡋ

ESL  ESR1 ࡅཷࢆᅽຊࡢࡇࡀࣥࣅ࣎ࣝࢥࡢ

ࡳཌࡿ࠼⪏ᅽຊࡢࡇࠊࡣࣥࣅ࣎ࣝࢥࠋࡿ

㸦5mm㸧ࠋࡿ࠸࡚ࡗ࡞タィ㟁ὶ࡛ࠊࡣESL  ESR1
⮬ᕫ☢ሙࡿࡼ㟁☢ຊࡀ Belle-II ሙ☢ࢻࣀࣞࢯ

ࡁᚄ᪉ྥእྥ༙ࡾ࡞ࡃࡁࡶࡾࡼ㟁☢ຊࡢࡽ

�ࠋࡿࡍ⏝సࡀຊࡢ

����� ㉸ఏᑟ⿵ൾࡢࢻࣀࣞࢯ〇స 

ᅗ 43 ᅗ 44  ESL  ESR1 ࡢ〇సᚋࡢ

ࡀ࣒࣮ࣥࣛࣅࡢ㟁Ꮚ࣭㝧㟁Ꮚࠋࡓࡋ♧ࢆ┿ 83 
mrad ෆࡢ▼☢ࢻࣀࣞࢯࠊࡽࡇࡘᣢࢆゅᗘࡢ

ᚄࡣ IP ࡲࠋࡿ࠸࡚ࡗ࡞ࡃࡁ࡚ࡗᚑ㊥㞳ࡢࡽ

࠼ᢚࢆࡳࡿࡺࡢࣝࣈ࣮ࢣ㉸ఏᑟࡿࡼ㟁☢ຊࠊࡓ

ᙇຊࣝࣈ࣮ࢣ㉸ఏᑟࡣ〇సࣝࢥࠊࡵࡓࡿ

ࡗ⾜ࢆ⥺ࡁᕳࡽࡀ࡞࠸⾜ࢆྵࢩ࣏࢚࢟ࠊࡅࢆ

�ࠋࡓ

�

�
ᅗ 42� ບ☢ࡾࡼ ESL  ESR1 ࡿࡍ⏝స Belle-
II  㟁☢ຊࡢᚄ᪉ྥ༙ࡢࡽ
�

�

�
ᅗ 43� QCS-L ࡓࢀࡲ㎸⤌ ESL 

 

�
ᅗ 44� QCS-R ࡓࢀࡲ㎸⤌ ESR1 

�

 

����� ࢻࣀࣞࢯບ☢ヨ㦂ࡢ࡛࣒࣮ࣥࣛࣅ

☢ሙ ᐃ 

ESL  ESR1ࠊESR2/3 ᅗࠊࡣ 40 ᅗ 41 ࡍ♧

࢜ࣛࢡࠋࡓࢀࡲ㎸⤌ࢺࢵࢱࢫ࢜ࣛࢡ࠺ࡼ

☢ບࡢ▼☢㟁ࠊタ⨨ᚋ࣒࣮ࣥࣛࣅࢆࢺࢵࢱࢫ

ヨ㦂ࠋࡓࡗ⾜ࢆESR2/3ࠊࡣ࡚࠸ࡘタィ㟁ὶࡢ 151 
A ESLࠊࡀࡓࡁ࡛☢ບ࡛ࡲ  ESR1 ࢯࡣ࡚࠸ࡘ

ࡢ※㟁ࡽࡇࡘᣢࢆᛶయ☢ෆ⟄㒊ࢻࣀࣞ

ㄪᩚ㛫ࢆせࠋࡓࡋ㟁☢▼య࣒ࢸࢫࢩࡢタィ

Belle-IIࠊࡣ࡛ ࣀࣞࢯṇ⿵ບ☢ᚋࢆࢻࣀࣞࢯ

ࣀࣞࢯṇ⿵ࠋࡿ࠸࡚ࡗ࡞ࡇ࠺⾜ࢆ☢ບࡢࢻ

ࡿࡼࢫࢩࣜࢸࢫࣄࡢᛶయ☢ࡓࢀࡲ㎸⤌ෆ㒊ࢻ

☢ሙኚ⌧ᛶࢆᣢࢭࣟࣉࡢࡇࠊࡵࡓࡿࡏࡓ

ࢆᛶయ☢ບ☢๓ࢻࣀࣞࢯṇ⿵࡚ࡗࡼࢫ

Belle-II ᮇึࡋẼ㣬☢ሙ࡛☢ࢻࣀࣞࢯ

ࠊࡽࡀ࡞ࡋ↛ࠋࡿࡍ⿵ṇࡢࢻࣀࣞࢯບ☢㟁ὶ

ᅇࢆᛶ☢ࡢࡑࡀᛶయ☢ࡓࡋ㣬ࠊ࠸కቑຍࡢ

࠸࡚ࡗ࡞㈇Ⲵࡿぢࡽ※㟁ࠊࡾ࡞ἣ≦ࡿࡍ

ⰺ✵ࠊࡣ㸦L㸧ࢫࣥࢱࢡࢲࣥࡢࢻࣀࣞࢯṇ⿵ࡿ

ࡘᣢࢆᛶయ☢ෆ㒊ࡽࢻࣀࣞࢯ Lࡢࢯ࡞ࡁ

⿵ࠊࡣᵝᏊࡢࡇࠋࡿ࡞ࡇࡿࡍኚࢻࣀࣞ

ṇࢻࣀࣞࢯບ☢୰ࡢ㟁※㟁ᅽࡢ ᐃ್ Belle-
II ࡢࢻࣀࣞࢯṇ⿵ࢻࣀࣞࢯ 3 ḟඖ☢ሙィ⟬

⤖ᯝࡽ☜ㄆࡢࡇࠋࡓࢀࡉ⤖ᯝࡀࡢࡶࡓࡋ♧ࢆᅗ

45 ⥺ᐇࡓࡗἢࢀࡑ㸧ࠐ㉥㸦ࡢᅗ୰ࠋࡿ࠶࡛

ࡀ ESL ࡢ L 㟷୕ゅࠊࡋ♧ࢆᐃ್ ィ⟬⤖ᯝࡢ

㸦ڸ㸧㟷ᐇ⥺ࡀ ESR1 ᑐᛂᐃ್ ィ⟬⤖ᯝࡢ

≦ࡓࡋ㣬ࡣᛶయ☢ࠊࡣ㛫࠸ࡉᑠࡀ㟁ὶ್ࠋࡿࡍ

ែ࡛࡛ࡢࡿ࠶ ESL  ESR1 ࡢ Lࠊࡣィ⟬್࡚ࡋ

1.16 H  1.69 H 㟁ὶ್ࡢ㐠㌿࣒࣮ࣅࠊࡀࡿ࠶࡛

ࡣ࡛ 2.47 H  8.04 H ࡢ㈇Ⲵࡢࡇࠋࡿࡍ᪼ୖ࡛ࡲ

ኚࠊࡣ㟁※ࢆᏳᐃไᚚ࡚ࡋ⏝ࡣࡿࡍࡁ

 ࠋࡿࡂࡍ
 

 
ᅗ 45� ບ☢㟁ὶక࠺ ESL  ESR1 ࢡࢲࣥࡢ

 ኚࡢࢫࣥࢱ

⌧ᅾ࡛ࠊࡣ㟁ὶᤲࡢᘬ㏿ᗘ࡚ࡵྵࡶ㟁ὶ್ࢆᏳ

ᐃ㐠㌿࡛ࡿࡁ≧ែㄪᩚࠋࡿ࠸࡚ࢀࡉ 
㟁※ࢆ࣒ࢸࢫࢩᏳᐃືస࡛ࡗ࡞࠺ࡼࡿࡁ

Belle-IIࠊᚋࡓ ែ࡛≦ࡢࡋ↓ࡾሙ᭷☢ࢻࣀࣞࢯ

LER  HER ࢻࣀࣞࢯࡓࡗἢ࣒࣮ࣥࣛࣅࡢ

☢ሙࡢ ᐃࠋࡓࡗ⾜ࢆ㟁Ꮚࡢ࣒࣮ࣥࣛࣅ ᐃ⤖

ᯝࢆᅗ 46 KEKࠋࡓࡋ♧ ຍ㏿ჾࡢࣉ࣮ࣝࢢ ᐃ

⤖ᯝࠊBelle-II ᐇࡢ㉥ࡓࡲࠊᐃ⤖ᯝ ࡢࣉ࣮ࣝࢢ

 ࠋࡿ࠸࡚ࡋ♧ࢆィ⟬⤖ᯝࡣ⥺
ᅗ୰ࡢí0.4 m < Z < 0.5 m ࠊࡣ㸧ڧᐃ್㸦 ࡢ

Belle-II Z<í0.6 mࠊᐃ್࡛ ࡢࣉ࣮ࣝࢢ  0.6 m< 
Z ࡣᐃ್㸦࣭㸧 ࡢ KEK ຍ㏿ჾࡢࣉ࣮ࣝࢢ ᐃ

⤖ᯝ࡛ࠋࡿ࠶Belle-II CERNࠊࡣᐃ ࡢࣉ࣮ࣝࢢ
ࡢࡳ῭ṇᰯࡓࢀࡉᥦ౪ࡽ 3㍈ࢆࣈ࣮ࣟࣉࡢ」ᩘ

ෆ㒊タ⨨ࠊࡓࡲࠋࡓࢀࢃ⾜࡚ࡋKEK ຍ㏿ჾࣝࢢ

Lakeshoreࠊࡣሙ ᐃ☢ࡢࣉ࣮ 〇 3 ㍈ࣈ࣮ࣟࣉࡢ

㍈᪉ྥ࣒࣮ࣅࢆ 20 mm  ࡚ࡋື⛣࡛ࣉࢵࢸࢫ

ᐃࠋࡓࡋ ᐃ⤖ᯝィ⟬⤖ᯝࡣ㠀ᖖⰋࢆ⮴୍࠸

ศ✚ࢻࣀࣞࢯࠊࡽᐃ⤖ᯝ ࡢࡇࠋࡿ࠸࡚ࡋ♧

☢ሙࡿ࡞ࣟࢮࡀ ESLࠊESR1ࠊESR2/3 㐠㌿ࡢ

㟁ὶࢆ 390 A450ࠊ A151ࠊ A  ࠋࡓࡋ
ヲ⣽ࡢ⟭ィᐃ ࡢሙศᕸ☢ࢻࣀࣞࢯࠊࡓࡲ

Belle-IIࠊࡽẚ㍑࡞ ࣀࣞࢯṇ⿵ࢻࣀࣞࢯ

ኚࡢ⨨ࡢࢻࣀࣞࢯṇ⿵ࡿࡼ㟁☢ຊࡢ㛫ࢻ

ࢆㄪࠋࡓBelle-II ࡞㟁☢ⓗࡢሙ☢ࢻࣀࣞࢯ

ᖸ΅ࡾࡼ⿵ṇࢻࣀࣞࢯయࡀ㍈᪉ྥࡁ

⾲ࢆ㟁☢ຊࡢࡇࠋࡿࡅཷࢆ㟁☢ຊ࡞ 22 ࠋࡓࡵ⧳

ESL ࡣບ☢୰ࠊࡣ࡛ IP ࡽ ESL ࡁྥࡍฟࡋᢲࢆ

 52.6 kN ESLࠊࡀࡿࡍ⏝సࡀ㟁☢ຊࡢ ࡀ☢ບࡢ

ESLࠊሙྜࡓࡗ࡞ࡃ↓ ෆ⟄⤌㎸ࡓࢀࡲ㉸ఏᑟ㟁

⾲ 22  䝋䝺䝜䜲䝗☢ሙ䛻䜘䜛㟁☢ຊ䛸䝻䝑䝗ᛂຊ 

 QCS-L QCS-R 
ESL/ESRບ☢ 
䝻䝑䝗ᛂຊ 

ESL/ESR1ບ☢↓ 
䝻䝑䝗ᛂຊ 

í52.6 kN 
161 MPa 
57.3 kN 
174 MPa 

35.7 kN 
206 MPa 
í23.5 kN 
152 MPa 

㸳㸫 29㸳㸫 28



ࡀᛶయ☢ࡢ▼☢ Belle-II ࡘࡁᘬሙ☢ࢻࣀࣞࢯ

IPࠊࢀࡽࡅ ᪉ྥࡴ㎸ࡁᘬ 57.3 kN ࡀ㟁☢ຊࡢ

స⏝ࡢࡇࠋࡿࡍ㟁☢ຊᑐࠊ࡚ࡋ㉸ఏᑟ㟁☢▼ࢆ

⤌㎸࣒࢘ࣜ࣊ࡔࢇᐜჾࡣ Ti ྜ㔠ࡾࡼࢻࢵࣟࡢ

ᨭᣢࠋࡿࢀࡉᨭᣢࡽᐜჾ✵┿ࢺࢵࢱࢫ࢜ࣛࢡ

ㄝ࡛᫂❶ࡢࢺࢵࢱࢫ࢜ࣛࢡࠊࡣ࡚࠸ࡘࢻࢵࣟ

࢘ࣜ࣊ࠊࡣᙳ㡪ࡢ㟁☢ຊ࡞ࡁ㠀ᖖࡢࡇࠋࡿࡍ

ຊࡿࡍኚ㍈᪉ྥࢻࣀࣞࢯࢆᐜჾయ࣒

ࡁࡀኚࡢሙ☢ࢻࣀࣞࢯࢆኚ㔞ࡢࡑࠋࡿ࡞

í1.4 m < Z < í0.6 mࠊ࠸  0.6 m < Z < 1.4 m  ࡢ

ᐃ್ࡽホ౯ࠋࡓࡋ ᐃ⤖ᯝタィィ⟬್ࡢᕪ

ESLࠊࡣ ഃ࡛ࡣ Z ᪉ྥí2.3 mmr 0.5 mmࠊESR1
ഃ࡛ࡣ 0.4 mmr 0.5 mm ࡇࡿ࠸࡚ࡋࢺࣇࢩࠎྛ

⾲ࠊࡣᯝ⤖ࡢࡇࠋࡓࢀࡉㄆ☜ࡀ 16 ࡓࡋ♧࡛ QCS-
L  QCS-R ࡢ 3 ࡢྎ 4 ᴟ㟁☢▼㸦QC1PࠊQC1Eࠊ
QC2P㸧ࡢ㟁☢ຊ࣒࣮ࣅࡿࡼ㍈᪉ྥࡢኚ㔞ࡢ

ᖹᆒ್ࡀí2.3 mm  0.9 mm ୍ࡃⰋࡇࡿ࠶࡛

ࣀࣞࢯṇ⿵ࠊࡣᐜჾෆ࡛࣒࢘ࣜ࣊ࠋࡿ࠸࡚ࡋ⮴

ࢻ 4 ᴟ㟁☢▼࣭⿵ṇ㟁☢▼ࡣᶵᲔⓗᅛᐃࢀࡉ

Belle-IIࠊࡽࡇࡿ࠸࡚  ☢ࡢሙ☢ࢻࣀࣞࢯ
 

 

 
ᅗ46� HERࢻࣀࣞࢯࡢୖ࣒࣮ࣥࣛࣅ☢ሙศᕸࠋ

ୖᅗ࣒࣮ࣅࡣ㐍⾜᪉ྥ☢ሙ(Bz)ࠊୗᅗ༙ࡣᚄ᪉ྥ☢ሙ

(Br)ࠋࡿ࠸࡚ࡋ♧ࢆ 
 

Ẽⓗ࡞ᖸ΅ࡾࡼ࡚ࡢ㟁☢▼ࡳ⤌ࡀ㎸ࡓࢀࡲ

ࡽࡵ☜ࡀࡇࡿ࠸࡚࠸ືࡀᐜჾయ࣒࢘ࣜ࣊

 ࠋࡿ࡞ࡇࡓࢀ
௨ୖ♧࣒࣮ࣅࠊ࠺ࡼࡓࡋ㐠㌿≧ែ࡛ࡢ㟁☢ຊ

㉸ఏᑟࠋࡿࡍኚࡀᐜჾయ࣒࢘ࣜ࣊ࡾࡼ 4 ᴟ

㟁☢▼ࡢ❶࡛ㄝ᫂ࡓࡋෆᐜࠊ࡚ࡵྵࡶ⢭ᐦ࡞☢ሙ

 ᐃࢻࣀࣞࢯࠊࡾࡼ㛫ࡢ㟁☢ຊ4ࠊ ᴟ㟁☢▼

☢㟁ࡿࡍ⏝సࢡᛶ࣮ࣚ☢ࡿ࠸࡚ࢀࡽࡅྲྀ

ຊࡾࡼ 4 ᴟ㟁☢▼☢ሙ୰ᚰࡣኚࠊࡋQC1LE ࡛

࡚ࡵྵࡶ〇సㄗᕪ㟁☢ຊࡣ IP እྥࡁ 3.5 mm
ኚࡀࡇࡿ࠸࡚ࡋศࠋࡿ࠸࡚ࡗ 
㉸ఏᑟ㟁☢▼ࡢㄝ᫂ࡽࢀࡇࠊ࡚ࡋ࡛ࡲࡇࡇࡣ

㉸ఏᑟ㟁☢▼ࡓ࡚❧⤌ࡢࡢ┿ࢆῧ㈨ᩱ

ῧ㈨ᩱ-1㸸㉸ఏᑟࠋࡓࡋ♧ 4 ᴟ㟁☢▼⿵ṇ㉸

ఏᑟ㟁☢▼ࠊ☢ᛶయ࣮ࣚࠊ❧⤌ࡢ➼ࢡῧ㈨ᩱ-2㸸
௨ୖࡢຍ㏿ჾ⏝㉸ఏᑟ㟁☢▼㔠ᒓࢆ࣮ࣂ࢝

ῧ㈨ᩱ-3㸸ESLࠊែ≦ࡓࡋᅛᐃࡅ ㉸ఏࢆ

ᑟ㟁☢▼ࡢ㞟ྜయ᥋⥆ࠊῧ㈨ᩱ-4㸸ESL እ࿘

㒊ᨺᑕ⥺ྜࣥࢸࢫࢢࣥࢱࢻ࣮ࣝࢩࡽ㔠ྲྀࡀ

ࡓࢀࡽࡅ≧ែࠋࡿ࠸࡚ࡋ♧ࢆ➼ࠊ 

8.� ࢩ෭༷ࢺࢵࢱࢫ࢜ࣛࢡࢺࢵࢿࢢ࣐

 ࣒ࢸࢫ

㉸ఏᑟ㟁☢▼ࢆᏳᐃ㐠㌿ࣛࢡࠊࡣ࡛ୖࡿࡍ

ᙺ࡞㔜せ㠀ᖖࡣ࣒ࢸࢫࢩ෭༷ࢺࢵࢱࢫ࢜

SuperKEKBࠋࡿ࠸࡚ࡗᣢࢆ 㞟᮰⏝㉸ఏ⤊࣒࣮᭱ࣅ

ᑟ㟁☢▼⏝ࡿ࠸࡚ࢀࡉ㉸ఏᑟᮦᩱࠊࡣప ㉸

ఏᑟᮦࡢ NbTi㸦ྜ㔠⣔㸧ࡀ⏝࡛ࡢࡿ࠸࡚ࢀࡉ㉸

ఏᑟᮦᩱࡢ⮫⏺≧ែࢆỴࡿࡵ☢ሙࠊ ᗘࠊ㟁ὶᐦ

ᗘࡢෆືࠊస ᗘࡣ 6 K ௨ୗືࡢࡇࠋࡿ࡞స 

ᗘ༑ศ࡞㐠㌿ࢆࣥࢪ࣮࣐ᣢࡵࡓࡘ㟁☢▼ࡣ

㐣෭༷ᾮయ࡛࣒࢘ࣜ࣊෭༷ࠋࡿ࠸࡚ࢀࡉᾮయࣜ࣊

ࡢಶูࡓࢀࡉ⥆᥋ࢺࢵࢱࢫ࢜ࣛࢡྛࡣ࣒࢘

 ࠋࡿࢀࡉ⤥౪ࡽ෭ᶵ࣒࢘ࣜ࣊

�����  タィ࣒ࢸࢫࢩࡢࢺࢵࢱࢫ࢜ࣛࢡ

ᅗ 47  QCS-R ㉸యᅗࡢࢺࢵࢱࢫ࢜ࣛࢡ

ఏᑟ㟁☢▼ࢆ⤌㎸᩿ࡢࢺࢵࢱࢫ࢜ࣛࢡࡔࢇ㠃

ᅗࡣࢺࢵࢱࢫ࢜ࣛࢡࠋࡓࡋ♧ࢆ㸪㟁☢▼ࣛࢡ

㸪ప 㓄ࢺࢵࢱࢫ࢜ࣛࢡࢫࣅ࣮ࢧ㸪ࢺࢵࢱࢫ࢜

⟶㸪ᨭᣢᯫྎࡽᵓᡂࠋࡿ࠸࡚ࢀࡉQCS-L ࣛࢡ

ᅗࠋࡿ࠶࡛ࡌྠࡣᵓᡂ࡞ᇶᮏⓗࡶࢺࢵࢱࢫ࢜ 10 

࠺ࡼࡍ♧ 2 ࡣࢺࢵࢱࢫ࢜ࣛࢡ▼☢㟁ࡢྎ

Belle-II ᳨ฟჾෆ㒊⤌㎸ࡀࡿࢀࡲ㸪᳨ ฟჾෆ㒊ࡢ

✵㛫ⓗ࡞ไ⣙ࢺࢵࢱࢫ࢜ࣛࢡࡽᮏయࡢࡑࠊࡣ

ᚋ㠃࡛ᨭᣢᯫྎࡽ∦ᣢ࡛ࡕಖᣢࢡࠋࡿ࠸࡚ࢀࡉ

⾲ࢆࢱ࣮࣓ࣛࣃࡢࢺࢵࢱࢫ࢜ࣛ 23 ࠋࡓࡋ♧

QCS-R/L 㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡ㒊ࡢ㛗ࡣࡉ㸪

3287mm/2724mm ࡣࡉ㛗ࡢయ࣒ࢸࢫࢩࠊ࡛ 6.5 
m/7.1 m ᅗࠋࡿ࠶࡛ 47 ୰ẁࡣ QCS-R ࢜ࣛࢡ

࣮ࣅ㟁Ꮚ࣭㝧㟁Ꮚࠋࡓࡋ♧ࢆỈᖹ᩿㠃ࡢࢺࢵࢱࢫ

ࡗᣢࢆゅᗘࡣ ( ᐊ)ࣉࣃ࣒࣮ࣅࡿࡍ㏻㐣ࡀ࣒

࡚⤌㎸ࠊࡵࡓࡿࢀࡲඛ㢌㒊(IP ഃ)࡛ࡣ㉸ఏᑟ㟁☢

ᅗࠋࡿ࠶ࡀไ⣙࠸ࡋཝタ⨨✵㛫ࡢ▼ 47 ୗᅗ

ࢱࢫ࢜ࣛࢡࡢࢺࢵࢱࢫ࢜ࣛࢡࢺࢵࢿࢢ࣐ࠊࡣ

QC1RPࠋࡿ࠸࡚ࢀࡉ♧ࡀ㍈ᆶ┤᩿㠃ࢺࢵ 㒊᩿ࡢ㠃

㸦ᅗ୰ M-M ᩿㠃㸧࡛ 㸪QC1RP࠺ࡼࡍ♧ ෆ࣮࣎

㠃⾲ࣉࣃ࣒࣮ࣅࡢ 3  ࡀ▼☢㉸ఏᑟ⿵ṇ㟁ࡢྎ
 

⾲  ࢱ࣮࣓ࣛࣃࢺࢵࢱࢫ࢜ࣛࢡ 23
 QCS-L QCS-R 

㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡ   
┿✵ᐜჾ㛗ࡉ(mm) 2724 3287 
┿✵ᐜჾ᭱ᚄ (mm) I1100 I638 
┿✵ᐜჾ㔜㔞㸦kg㸧 1570 1472 
4 K ෭༷㔜㔞   
๓᪉㒊㟁☢▼㸦kg㸧 949 805 
ᨺᑕ⥺㐽ⶸ㸦kg㸧 495 1271 
ᚋ᪉㒊㟁☢▼㸦kg㸧 342 1063 

80 K ⇕㍽ᑕ㐽ⶸ㸦kg㸧 45 36 
   ᐜჾࢫࣅ࣮ࢧ

┿✵ᐜჾ㛗ࡉ㸦mm㸧 2757 2757 
┿✵ᐜჾ㧗ࡉ (mm) 917 917 
┿✵ᐜჾᖜ㸦mm㸧 900 863 
┿✵ᐜჾ㔜㔞㸦kg㸧 2523 2501 
80 K ⇕㍽ᑕ㐽ⶸ㸦kg㸧 79 77 
Heࢫ࢞෭༷㟁ὶ࣮ࣜࢻ   

㏻ᖖ࣮ࣜ5 ࢻ ⤌+1 5 ⤌ 
8 㟁ᴟ࣮ࣜ5 ࢻ ྎ 7 ྎ 

He ὶ㔞ไᚚᘚ 2ࢫ࢞ ྎ 2 ྎ 
ᨭᣢᯫྎ   

㛗ࡉ㸦mm㸧 3810 3810 
㔜㔞㸦kg㸧 6279 6061 

�య㛗࣒ࢸࢫࢩ 㸦mm㸧 6533 7087 
㔜㔞㸦kg㸧 12814 15000 

 

 

 
 
ᅗ 47� QCS-R Ỉᖹ࣭యᅗࢺࢵࢱࢫ࢜ࣛࢡ

ᆶ┤᩿㠃ᅗ࣒ࢸࢫࢩࠊࡽୖࠋయእᙧᅗ㸦ୖࠊ

ᶓࡽ㸧ࠊỈᖹ᩿㠃ࢺࢵࢱࢫ࢜ࣛࢡࢺࢵࢿࢢ࣐ࠊ

ᆶ┤᩿㠃ࠋᆶ┤᩿㠃ྛࠊࡣ㟁☢▼ࡢ㍈᪉ྥࡢ୰ᚰ

⨨ࠋࡿ࠸࡚ࡋ♧ࢆ 

㸳㸫 30



ࡀᛶయ☢ࡢ▼☢ Belle-II ࡘࡁᘬሙ☢ࢻࣀࣞࢯ

IPࠊࢀࡽࡅ ᪉ྥࡴ㎸ࡁᘬ 57.3 kN ࡀ㟁☢ຊࡢ

స⏝ࡢࡇࠋࡿࡍ㟁☢ຊᑐࠊ࡚ࡋ㉸ఏᑟ㟁☢▼ࢆ

⤌㎸࣒࢘ࣜ࣊ࡔࢇᐜჾࡣ Ti ྜ㔠ࡾࡼࢻࢵࣟࡢ

ᨭᣢࠋࡿࢀࡉᨭᣢࡽᐜჾ✵┿ࢺࢵࢱࢫ࢜ࣛࢡ

ㄝ࡛᫂❶ࡢࢺࢵࢱࢫ࢜ࣛࢡࠊࡣ࡚࠸ࡘࢻࢵࣟ

࢘ࣜ࣊ࠊࡣᙳ㡪ࡢ㟁☢ຊ࡞ࡁ㠀ᖖࡢࡇࠋࡿࡍ

ຊࡿࡍኚ㍈᪉ྥࢻࣀࣞࢯࢆᐜჾయ࣒

ࡁࡀኚࡢሙ☢ࢻࣀࣞࢯࢆኚ㔞ࡢࡑࠋࡿ࡞

í1.4 m < Z < í0.6 mࠊ࠸  0.6 m < Z < 1.4 m  ࡢ

ᐃ್ࡽホ౯ࠋࡓࡋ ᐃ⤖ᯝタィィ⟬್ࡢᕪ

ESLࠊࡣ ഃ࡛ࡣ Z ᪉ྥí2.3 mmr 0.5 mmࠊESR1
ഃ࡛ࡣ 0.4 mmr 0.5 mm ࡇࡿ࠸࡚ࡋࢺࣇࢩࠎྛ

⾲ࠊࡣᯝ⤖ࡢࡇࠋࡓࢀࡉㄆ☜ࡀ 16 ࡓࡋ♧࡛ QCS-
L  QCS-R ࡢ 3 ࡢྎ 4 ᴟ㟁☢▼㸦QC1PࠊQC1Eࠊ
QC2P㸧ࡢ㟁☢ຊ࣒࣮ࣅࡿࡼ㍈᪉ྥࡢኚ㔞ࡢ

ᖹᆒ್ࡀí2.3 mm  0.9 mm ୍ࡃⰋࡇࡿ࠶࡛

ࣀࣞࢯṇ⿵ࠊࡣᐜჾෆ࡛࣒࢘ࣜ࣊ࠋࡿ࠸࡚ࡋ⮴

ࢻ 4 ᴟ㟁☢▼࣭⿵ṇ㟁☢▼ࡣᶵᲔⓗᅛᐃࢀࡉ

Belle-IIࠊࡽࡇࡿ࠸࡚  ☢ࡢሙ☢ࢻࣀࣞࢯ
 

 

 
ᅗ46� HERࢻࣀࣞࢯࡢୖ࣒࣮ࣥࣛࣅ☢ሙศᕸࠋ

ୖᅗ࣒࣮ࣅࡣ㐍⾜᪉ྥ☢ሙ(Bz)ࠊୗᅗ༙ࡣᚄ᪉ྥ☢ሙ

(Br)ࠋࡿ࠸࡚ࡋ♧ࢆ 
 

Ẽⓗ࡞ᖸ΅ࡾࡼ࡚ࡢ㟁☢▼ࡳ⤌ࡀ㎸ࡓࢀࡲ

ࡽࡵ☜ࡀࡇࡿ࠸࡚࠸ືࡀᐜჾయ࣒࢘ࣜ࣊

 ࠋࡿ࡞ࡇࡓࢀ
௨ୖ♧࣒࣮ࣅࠊ࠺ࡼࡓࡋ㐠㌿≧ែ࡛ࡢ㟁☢ຊ

㉸ఏᑟࠋࡿࡍኚࡀᐜჾయ࣒࢘ࣜ࣊ࡾࡼ 4 ᴟ

㟁☢▼ࡢ❶࡛ㄝ᫂ࡓࡋෆᐜࠊ࡚ࡵྵࡶ⢭ᐦ࡞☢ሙ

 ᐃࢻࣀࣞࢯࠊࡾࡼ㛫ࡢ㟁☢ຊ4ࠊ ᴟ㟁☢▼

☢㟁ࡿࡍ⏝సࢡᛶ࣮ࣚ☢ࡿ࠸࡚ࢀࡽࡅྲྀ

ຊࡾࡼ 4 ᴟ㟁☢▼☢ሙ୰ᚰࡣኚࠊࡋQC1LE ࡛

࡚ࡵྵࡶ〇సㄗᕪ㟁☢ຊࡣ IP እྥࡁ 3.5 mm
ኚࡀࡇࡿ࠸࡚ࡋศࠋࡿ࠸࡚ࡗ 
㉸ఏᑟ㟁☢▼ࡢㄝ᫂ࡽࢀࡇࠊ࡚ࡋ࡛ࡲࡇࡇࡣ

㉸ఏᑟ㟁☢▼ࡓ࡚❧⤌ࡢࡢ┿ࢆῧ㈨ᩱ

ῧ㈨ᩱ-1㸸㉸ఏᑟࠋࡓࡋ♧ 4 ᴟ㟁☢▼⿵ṇ㉸

ఏᑟ㟁☢▼ࠊ☢ᛶయ࣮ࣚࠊ❧⤌ࡢ➼ࢡῧ㈨ᩱ-2㸸
௨ୖࡢຍ㏿ჾ⏝㉸ఏᑟ㟁☢▼㔠ᒓࢆ࣮ࣂ࢝

ῧ㈨ᩱ-3㸸ESLࠊែ≦ࡓࡋᅛᐃࡅ ㉸ఏࢆ

ᑟ㟁☢▼ࡢ㞟ྜయ᥋⥆ࠊῧ㈨ᩱ-4㸸ESL እ࿘

㒊ᨺᑕ⥺ྜࣥࢸࢫࢢࣥࢱࢻ࣮ࣝࢩࡽ㔠ྲྀࡀ

ࡓࢀࡽࡅ≧ែࠋࡿ࠸࡚ࡋ♧ࢆ➼ࠊ 

8.� ࢩ෭༷ࢺࢵࢱࢫ࢜ࣛࢡࢺࢵࢿࢢ࣐

 ࣒ࢸࢫ

㉸ఏᑟ㟁☢▼ࢆᏳᐃ㐠㌿ࣛࢡࠊࡣ࡛ୖࡿࡍ

ᙺ࡞㔜せ㠀ᖖࡣ࣒ࢸࢫࢩ෭༷ࢺࢵࢱࢫ࢜

SuperKEKBࠋࡿ࠸࡚ࡗᣢࢆ 㞟᮰⏝㉸ఏ⤊࣒࣮᭱ࣅ

ᑟ㟁☢▼⏝ࡿ࠸࡚ࢀࡉ㉸ఏᑟᮦᩱࠊࡣప ㉸

ఏᑟᮦࡢ NbTi㸦ྜ㔠⣔㸧ࡀ⏝࡛ࡢࡿ࠸࡚ࢀࡉ㉸

ఏᑟᮦᩱࡢ⮫⏺≧ែࢆỴࡿࡵ☢ሙࠊ ᗘࠊ㟁ὶᐦ

ᗘࡢෆືࠊస ᗘࡣ 6 K ௨ୗືࡢࡇࠋࡿ࡞స 

ᗘ༑ศ࡞㐠㌿ࢆࣥࢪ࣮࣐ᣢࡵࡓࡘ㟁☢▼ࡣ

㐣෭༷ᾮయ࡛࣒࢘ࣜ࣊෭༷ࠋࡿ࠸࡚ࢀࡉᾮయࣜ࣊

ࡢಶูࡓࢀࡉ⥆᥋ࢺࢵࢱࢫ࢜ࣛࢡྛࡣ࣒࢘

 ࠋࡿࢀࡉ⤥౪ࡽ෭ᶵ࣒࢘ࣜ࣊

�����  タィ࣒ࢸࢫࢩࡢࢺࢵࢱࢫ࢜ࣛࢡ

ᅗ 47  QCS-R ㉸యᅗࡢࢺࢵࢱࢫ࢜ࣛࢡ

ఏᑟ㟁☢▼ࢆ⤌㎸᩿ࡢࢺࢵࢱࢫ࢜ࣛࢡࡔࢇ㠃

ᅗࡣࢺࢵࢱࢫ࢜ࣛࢡࠋࡓࡋ♧ࢆ㸪㟁☢▼ࣛࢡ

㸪ప 㓄ࢺࢵࢱࢫ࢜ࣛࢡࢫࣅ࣮ࢧ㸪ࢺࢵࢱࢫ࢜

⟶㸪ᨭᣢᯫྎࡽᵓᡂࠋࡿ࠸࡚ࢀࡉQCS-L ࣛࢡ

ᅗࠋࡿ࠶࡛ࡌྠࡣᵓᡂ࡞ᇶᮏⓗࡶࢺࢵࢱࢫ࢜ 10 

࠺ࡼࡍ♧ 2 ࡣࢺࢵࢱࢫ࢜ࣛࢡ▼☢㟁ࡢྎ

Belle-II ᳨ฟჾෆ㒊⤌㎸ࡀࡿࢀࡲ㸪᳨ ฟჾෆ㒊ࡢ

✵㛫ⓗ࡞ไ⣙ࢺࢵࢱࢫ࢜ࣛࢡࡽᮏయࡢࡑࠊࡣ

ᚋ㠃࡛ᨭᣢᯫྎࡽ∦ᣢ࡛ࡕಖᣢࢡࠋࡿ࠸࡚ࢀࡉ

⾲ࢆࢱ࣮࣓ࣛࣃࡢࢺࢵࢱࢫ࢜ࣛ 23 ࠋࡓࡋ♧

QCS-R/L 㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡ㒊ࡢ㛗ࡣࡉ㸪

3287mm/2724mm ࡣࡉ㛗ࡢయ࣒ࢸࢫࢩࠊ࡛ 6.5 
m/7.1 m ᅗࠋࡿ࠶࡛ 47 ୰ẁࡣ QCS-R ࢜ࣛࢡ

࣮ࣅ㟁Ꮚ࣭㝧㟁Ꮚࠋࡓࡋ♧ࢆỈᖹ᩿㠃ࡢࢺࢵࢱࢫ

ࡗᣢࢆゅᗘࡣ ( ᐊ)ࣉࣃ࣒࣮ࣅࡿࡍ㏻㐣ࡀ࣒

࡚⤌㎸ࠊࡵࡓࡿࢀࡲඛ㢌㒊(IP ഃ)࡛ࡣ㉸ఏᑟ㟁☢

ᅗࠋࡿ࠶ࡀไ⣙࠸ࡋཝタ⨨✵㛫ࡢ▼ 47 ୗᅗ

ࢱࢫ࢜ࣛࢡࡢࢺࢵࢱࢫ࢜ࣛࢡࢺࢵࢿࢢ࣐ࠊࡣ

QC1RPࠋࡿ࠸࡚ࢀࡉ♧ࡀ㍈ᆶ┤᩿㠃ࢺࢵ 㒊᩿ࡢ㠃

㸦ᅗ୰ M-M ᩿㠃㸧࡛ 㸪QC1RP࠺ࡼࡍ♧ ෆ࣮࣎

㠃⾲ࣉࣃ࣒࣮ࣅࡢ 3  ࡀ▼☢㉸ఏᑟ⿵ṇ㟁ࡢྎ
 

⾲  ࢱ࣮࣓ࣛࣃࢺࢵࢱࢫ࢜ࣛࢡ 23
 QCS-L QCS-R 

㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡ   
┿✵ᐜჾ㛗ࡉ(mm) 2724 3287 
┿✵ᐜჾ᭱ᚄ (mm) I1100 I638 
┿✵ᐜჾ㔜㔞㸦kg㸧 1570 1472 
4 K ෭༷㔜㔞   
๓᪉㒊㟁☢▼㸦kg㸧 949 805 
ᨺᑕ⥺㐽ⶸ㸦kg㸧 495 1271 
ᚋ᪉㒊㟁☢▼㸦kg㸧 342 1063 

80 K ⇕㍽ᑕ㐽ⶸ㸦kg㸧 45 36 
   ᐜჾࢫࣅ࣮ࢧ

┿✵ᐜჾ㛗ࡉ㸦mm㸧 2757 2757 
┿✵ᐜჾ㧗ࡉ (mm) 917 917 
┿✵ᐜჾᖜ㸦mm㸧 900 863 
┿✵ᐜჾ㔜㔞㸦kg㸧 2523 2501 
80 K ⇕㍽ᑕ㐽ⶸ㸦kg㸧 79 77 
Heࢫ࢞෭༷㟁ὶ࣮ࣜࢻ   

㏻ᖖ࣮ࣜ5 ࢻ ⤌+1 5 ⤌ 
8 㟁ᴟ࣮ࣜ5 ࢻ ྎ 7 ྎ 

He ὶ㔞ไᚚᘚ 2ࢫ࢞ ྎ 2 ྎ 
ᨭᣢᯫྎ   

㛗ࡉ㸦mm㸧 3810 3810 
㔜㔞㸦kg㸧 6279 6061 

�య㛗࣒ࢸࢫࢩ 㸦mm㸧 6533 7087 
㔜㔞㸦kg㸧 12814 15000 

 

 

 
 
ᅗ 47� QCS-R Ỉᖹ࣭యᅗࢺࢵࢱࢫ࢜ࣛࢡ

ᆶ┤᩿㠃ᅗ࣒ࢸࢫࢩࠊࡽୖࠋయእᙧᅗ㸦ୖࠊ

ᶓࡽ㸧ࠊỈᖹ᩿㠃ࢺࢵࢱࢫ࢜ࣛࢡࢺࢵࢿࢢ࣐ࠊ

ᆶ┤᩿㠃ࠋᆶ┤᩿㠃ྛࠊࡣ㟁☢▼ࡢ㍈᪉ྥࡢ୰ᚰ

⨨ࠋࡿ࠸࡚ࡋ♧ࢆ 

㸳㸫 31㸳㸫 30



タ⨨ࢀࡉ㸪࣒࣮ࣅࡓࡲㄪᩚࡵࡓࡢ QC1RP እ࿘ࡢ

㒊ࡶ⿵ṇ㟁☢▼ 2 ࠋࡿ࠸࡚ࢀࡽࡅࡾྲྀࡀྎ

QC1RP ᶓࢆ㉮ࡿ HER ࡣࣉࣃ࣒࣮ࣅ QC1RP
ࡢࡵࡓࡿࡍᾘཤࢆሙ☢ࢀ₃ࡢࡽ 4 ✀㢮ࡢ㉸ఏᑟ

⿵ṇ㟁☢▼ࡾྲྀࡀࡽࢀࡇࠋࡿ࠸࡚ࢀࡽࡅຍ㏿ჾ

⏝㉸ఏᑟ㟁☢▼ࡣ ESR1 ࠸࡚ࢀࡲ㎸⤌⟃ෆࡢ

▼☢ຍ㏿ჾ⏝㉸ఏᑟ㟁ࠋࡿ ESR1 ࠊࡣ㛫ࡢ

ࡍ㐽ⶸࢆฟჾ᳨ࡽ⥺ᨺᑕࡿࡍ⏕⨨࡛Ⓨࡢࡇ

࠸࡚ࢀࡲ㎸ࡵワࡃ࡞㝽㛫ࡀ㔠ྜࣥࢸࢫࢢࣥࢱࡿ

㓄࡞㞧「ࡢ▼☢㟁ࡢඛ㢌㒊ࢺࢵࢱࢫ࢜ࣛࢡࠋࡿ

ῧ㈨ᩱ㸫1ࠊࡣ⨨ ࡓࡋ♧ QCS-L IP ഃ࣒࢘ࣜ࣊

ᐜჾ⤌㎸ࡢ▼☢ࡿࢀࡲ⤌❧┿ࡽ⌮ゎ࡚ࡋ

㡬3ࠊࡣࢫ࣐ࢻ࣮ࣝࢥࡢࡇࠋ࠸ࡓࡁ ㉸ఏᑟࡢྎ

4 ᴟ㟁☢▼ 16 ࠸࡚ࢀࡲ㎸⤌ࡀ▼☢ṇ㟁⿵ࡢྎ

 ࠋࡿ
ࡀࢻ㸪㟁ὶ࣮ࣜࡣࢺࢵࢱࢫ࢜ࣛࢡࢫࣅ࣮ࢧ

ྲྀࢀࡽࡅ㸪ࡓࡲ෭ᶵࡢࡽప 㓄⟶ࡢ᥋⥆ࡀ

㸪ࡽࡇࡿࢀࡉ☢ບಶูࡣ▼☢ྛࠋࡿࢀࢃ⾜

QCS-L  QCS-R 25ࠎ㸪ྛࡣࢺࢵࢱࢫ࢜ࣛࢡ
⤌㸩1 ᮏ 30 ⤌�1 ᮏࡢ㟁ὶ࣮ࣜྲྀࡀࢻࢀࡽࡅ

1ࠕࠋࡿ࠸࡚ ᮏࠖࠊࡣESL  ESR1 ☢ࡢ㛗ᡭ᪉ྥࡢ

ሙศᕸㄪᩚ⏝ࡢࢻࣀࣞࢯ୰㛫㒊᥋⥆ࢀࡉ

�ࠋࡿ࠶࡛ࢻ㟁ὶ࣮ࣜ⏝ࣝࣈ࣮ࢣ㉸ఏᑟࡓ

㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡෆᾮయ❅⣲⇕࣮ࣝࢩ

ࡣᮦ㉁ࡢࢻ SUS304 -BelleࠊESR1ࠊESLࠋࡓࡋ⏝ࢆ
II ᯈࢻ࣮ࣝࢩࡿࡍ⏕Ⓨࢳ࢚ࣥࢡࡢࢻࣀࣞࢯ

ෆࡢ 㟁ὶࡿࡼ㟁☢ຊࢻ࣮ࣝࢩࠊࡀᯈࡢኚᙧ࣭

◚ᦆࢆࡇࡿࡍ⪃៖࡚ࡋ㸪⇕ఏᑟ⋡ࡀᑠࢸࢫ࠸ࡉ

㈇Ⲵ⇕ࡢࡽእ㒊ࠊࡵࡓࡢࡇࠋࡓ࠸⏝ࢆࢫࣞࣥ

ᑐࢻ࣮ࣝࢩࡿࡍෆࡢ ᗘศᕸࢆィ⟬ࡋ㸪ศᕸෆࡢ

 ᗘᕪࡀ 5 K ௨ୗ࠺ࡼࡿ࡞タィࣅ࣮ࢧࠋࡓࡋ

ࠊࡣ࡚ࡋ㛵ࢻ࣮ࣝࢩ⇕ࡢෆࢺࢵࢱࢫ࢜ࣛࢡࢫ

☢ሙࡢ࡞ࡁኚࠊࡽࡇ࠸↓ࡣࡇࡿࡅཷࢆ

 ࠋࡓࡋ㑅ᢥࢆ㔠ྜ࣑ࣝ

�����  ᶵᲔタィࡢࢺࢵࢱࢫ࢜ࣛࢡ

㉸ఏᑟ㟁☢▼ࢆ࣒ࢸࢫࢩᵓᡂࡿࡍ⿵ൾࣀࣞࢯ

ࢻ ESR1  ESL Belle-IIࠊࡣ ㏫ࡣࢻࣀࣞࢯ

ࡣບ☢୰ࠊࡵࡓࡿࡍ⏕Ⓨࢆሙ☢ࡢࡁྥ IP ࡋᢲࡽ

ฟࡍ᪉ྥ㟁☢ຊࡀస⏝ࠊࡓࡲࠋࡿࡍESR1  ESL
㸧ሙྜ࡚ࡵྵࡶࡓࡋࢳ࢚ࣥࢡ㸦࠸࡞ࢀࡉ☢ບࡀ

ࡀᛶయ☢ࡓࢀࡲ㎸⤌ෆ㒊ࠊࡣ IP ᪉ྥᘬࡁ㎸

⾲ࡣ㟁☢ຊࡢࡇࠋࡿࢀࡲ 22 ࢫ࢜ࣛࢡࠋࡓࡋ♧

࡚ࡋᨭᣢ᪉ἲࡿࡍᑐ㟁☢ຊࡢࡇࠊࡣ࡛ࢺࢵࢱ

ࢻࢵࣟࢺ࣮࣏ࢧࡢ㔠(Ti-6Al-4V)ྜࣥࢱࢳ 8 ᮏ࡛࣊

ᅗࠋࡿ࠸࡚ࡋ⏝᥇ࢆ᪉ᘧࡿࡍᨭᣢࢆᐜჾ࣒࢘ࣜ 48
QCS-Rࠊ ࢺࢵࢱࢫ࢜ࣛࢡ IP ഃ࣒࢘ࣜ࣊ᐜჾ

ࠊࡣࡉ㛗ࡢࢻࢵࣟࠋࡓࡋ♧ࢆᵓ㐀ࡢࢻࢵᨭᣢࣟࡢ

IP ഃࡢ 4 ᮏࡀ 75.5 mm ࠊ࡛ IP ഃࡢ 4 ᮏࡀ 108 
mm ᾮࡣ➃ࠊᐊ 㒊ࡣ➃∦ࡢࢻࢵࣟࠋࡿ࠶࡛

య࣒࢘ࣜ࣊ ᗘࠋࡿ࠸࡚ࢀࡉྜ⤖ 
ᨭᣢࣟࠊࡣࢻࢵ㟁☢ຊࡢࢫ࣐ࢻ࣮ࣝࢥ㔜㔞࡛

QCS-Rࠋࡿࡅཷࢆᛂຊ࡞ࡁ ࡀ㔜㔞ࠊሙྜࡢ 2076 kg
ESR1ࠊࡽࡇࡿ࠶࡛ ບ☢୰ࢻࢵࣟࡣస⏝ࡍ

ࡣᛂຊࡢ᭱ࡿ 206 MPa ࡿ࡞ࡃ↓ࡀ☢ບࠊ࡛

152 MPa QCS-Lࠋࡿ࡞  QCS-R ᩿ࡢࢻࢵࣟࡢ

㠃✚ࡣ 182.3 mm2 81 mm2 ࡛タィࠊ᭱ࢀࡉ ᛂຊ

ࡣ 174 MPa  205 MPa ࢱࢳࠊࡣᛂຊࡢࡇࠋࡿ࠶࡛

ࣥྜ㔠ࡢᐊ ࡛ࡢ㝆అᛂຊ㸦825 MPa㸧ࡶࡾࡼ༑ศ

 ࠋ࠸ࡉᑠ
 

 
ᅗ 48� �QCS-R ࢺࢵࢱࢫ࢜ࣛࢡ ,3 ഃ࣒࢘ࣜ࣊ᐜ

ჾࢻࢵࣟࢺ࣮࣏ࢧ㸦ᕥ㸧ࢻࢵࣟ�タィ㸦ྑ㸧�

 
୰ࡢᐜჾᨭᣢⅬ㛫࣒࢘ࣜ࣊ࡣࢻࢵࣟࡢࡇࠊࡓࡲ

ᚰ⨨ࡀ⇕⦰ࡾࡼኚ࠺ࡼ࠸࡞ࡋᐜჾ㍈ࡢ

ᆶ⥺ᑐ࡚ࡋഴࢆࡁᣢࠋࡿ࠸࡚ࡗᐊ ࡛ࡢゅᗘ

IPࠊࡣ ഃ IP ഃࢻࢵࣟࡢᑐ20.16ࠊ࡚ࡋ ᗘ

20.74 ᗘ࡛4ࠊࡀࡿ࠶ K ⦰Ⅼ࡛⇕ࡓࢀࡉ෭༷

ࡾࡼ 18.83 ᗘ 19.72 ᗘኚࡢࡇࠋࡿࡍ⇕

㉸ఏᑟࡓ࡚❧ࡳ⤌࡛ ᐊࠊᙳ㡪࡛ࡿࡼ⦰ 4 ᴟ㟁

ࡣ⨨୰ᚰࡢ▼☢ 4 K ࡛ኚࢫ࢜ࣛࢡࠊࡀࡿࡍ

ࢆኚࡿࡼ⦰⇕ࡢࡇࠊࡣᵓᡂ㒊ရࡢෆࢺࢵࢱ

⪃៖ࡋ 4 ᴟ㟁☢▼ࡀ෭༷ᚋ࣒࣮ࣅගᏛ࡛せồࡉ

ࠋࡿ࠸࡚ࢀࡉタィ࠺ࡼࡿࢀࡉ⨨㓄⨨ࡓࢀ

QC1RP ࢺࢵࢱࢫ࢜ࣛࢡࡣ⨨୰ᚰ▼☢ࠊሙྜࡢ

㍈᪉ྥ 2.35 mmࠊỈᖹ᪉ྥ 0.12 mm ኚࡍ

 ࠋࡿ

����� ࢸࢫࢩ෭༷タィ⇕ࡢࢺࢵࢱࢫ࢜ࣛࢡ

 ࣒

QCS ㉸ఏᑟ㟁☢▼ࡣ㸪ᶓᆺࢺࢵࢱࢫ࢜ࣛࢡ

⤌㎸ࡘࢀࡲ✵㛫ⓗ࡞ไ⣙ࡽ༑ศ࡞⇕㐽ⶸ࣭⇕

ࢆ⦖⤯ 4 K 㒊ࠊࡽࡇ࠸࡞ࡁ࡛ࡀࡇࡍ㟁

࣊༢┦ᾮయࡢ㐣෭༷ࡵࡓࡿࡍ෭༷Ᏻᐃࢆ▼☢

ࢡࡢ㟁☢▼㏻㟁ࠋࡿ࠸࡚࠸⏝ࢆ㸦LHe㸧࣒࢘ࣜ

ࡢධཱྀ㒊ࢺࢵࢱࢫ࢜ࣛ LHe ᅽຊࠊࡣែ≦ࡢ 0.15 
MPaࠊ ᗘ 4.4 K ࡢࢺࢵࢱࢫ࢜ࣛࢡࠋࡿ࠶࡛

㐣෭༷ LHe ࡣὶ㔞ࢫ࢞タィࡢ 20 g/s ࡢࡇࠊ࡛ LHe
ࡣチᐜ⇕㈇Ⲵࡿ࠶༢┦ὶ࡛ࡀ 32.8 W  ࠋࡿ࠶࡛

⾲ 24 ࡋ♧ࢆタィ⇕㈇Ⲵࡢࢺࢵࢱࢫ࢜ࣛࢡ

QCS-Lࠋࡓ  QCS-R 㟁☢▼ࡢࢺࢵࢱࢫ࢜ࣛࢡ

4 K W 16.3ࠊࡣ⇕ධࡢ  15.9 W ࡛ LHe ༢ࡣ

┦ὶࡢ≧ែࠋࡿ࠶⇕㈇Ⲵ࣒࢘ࣜ࣊ࡽࢺࢫࣜࡢ

ᐜჾࡢධ⇕࡛ࠊࡣ⇕㍽ᑕࡿࡼ⇕㈇Ⲵࡀࡁ

ࢱࢫ࢜ࣛࢡࠋࡿศࡀࡇࡿ࠸࡚ࡵ༨ࢆྜ࡞

ࣉࣃ࣒࣮ࣅࡢ ᐊࠊࡽ㛫ⓗไ⣙✵ࡢෆࢺࢵ

4K ప ᶵⓗ⯡୍㛫ࡢᐜჾෆ㠃࣒࢘ࣜ࣊ࡢ

ჾ࡛⏝ࡿࢀࡉ⇕㐽ⶸࡢ᪉ἲ࡛ࡀࡇࡿ࠸⏝ࢆ

ࡣእ࿘㸦ᐊ 㸧ࣉࣃ࣒࣮ࣅࠋ࠸࡞ࡁ 5 ᒙࢫࡢ

ࡇࠊࡀࡿ࠶࡚ࢀᕳࡀࣥࣙࢩ࣮ࣞࣗࢩ࣮ࣥࣃ࣮

ࡓࡿ࠼ᢚࢆ㈇Ⲵ⇕ࡿࡼ㍽ᑕ⇕ࠊ༑ศ࡛ࡣ࡛ࢀ

ࡵ SUS316L ࡋ㙾㠃ຍᕤࢆᐜჾෆ㠃࣒࢘ࣜ࣊ࡢ

ࡢ࣑ࣝࠋࡿ࠸࡚ࡋ╔ࢆ࣑ࣝ 4 K ㍽ᑕ⇕ࡢ࡛

ࡣ⋠ 0.02 ௨ୗ࡛ࡲᑠࡢࡇࠊࡾ࡞ࡃࡉຠᯝࡾࡼ

࠸࡞࠸࡚ࡋ╔࣑ࣝ SUS316L ㍽ᑕࡢᐜჾࡢ

ࡿࡼ50%௨ୖ⇕㍽ᑕࠊ࡚ࡋẚ㍑⇕ධࡿࡼ

ධ⇕ࢆᑠࠋࡿࡁ࡛ࡃࡉ�

QCS-Rࠊࡓࡲ  QCS-L ࢱࢫ࢜ࣛࢡࢫࣅ࣮ࢧ

࠺ࡼࡿࡁ࡛☢༢⊂ບࢆ▼☢ྛࡣࢺࢵ 69 ᮏ/61
ᮏࡢ㟁ὶ࣮ࣜྲྀࡀࢻࡢࡇࠋࡿ࠸࡚ࢀࡽࡅ㟁ὶࣜ

㸪ྛࡵࡓࡢ෭༷ࡢࢻ࣮ ࡛ࢺࢵࢱࢫ࢜ࣛࢡ 1 g/s
ࡢ 4 K ࡢ LHe �ࠋࡿࢀࡉ⏝ࡀ

2 2017ࠊࡣࢺࢵࢱࢫ࢜ࣛࢡࡢྎ ᖺ 3 ᭶࣮ࣅ

�ࡋࡀ⥆᥋ࡢ࣒ࢸࢫࢩタ⨨࣭෭༷࣒ࣥࣛ

�

 
ᅗ 49� SuperKEKB ࡓࢀࡉ⨨タⅬ✺⾪࣒࣮ࣅ QCS-
L  QCS-R  ࢺࢵࢱࢫ࢜ࣛࢡ

 

 
ᅗ 50� Belle-II ᳨ฟჾ⤌㎸ࡿࢀࡲ QCS-L ࣛࢡ

 ࢺࢵࢱࢫ࢜

 

⾲ 24  䜽䝷䜲䜸䝇䝍䝑䝖タィ⇕㈇Ⲵ 
 QCS-L QCS-R 
☢▼䜽䝷䜲䜸䝇䝍䝑䝖   
䝃䝫䞊䝖䝻䝑䝗 9.7 W 5.8 W 
⇕㍽ᑕ 6.6 W 10.1 W 

Sub-total 16.3 W 15.9 W 
䝃䞊䝡䝇ᐜჾ   
⇕㍽ᑕ 1.9 W 2.1 W 
ఏᑟ⇕㈇Ⲵ   
䝟䜲䝥 11.5 W 12.5 W 
ప 㓄⟶䞉ᘚ 6.0 W 6.0 W 
ಙྕ⥺ 3.8 W 3.4 W 

䝸䞊䝗෭༷䜺䝇 1.0 g/s 1.0 g/s 
Sub-total 23.2W+1.0g/s 24.0W+1.0g/s 
Total 40.5W+1.0g/s 40.7W+1.0g/s 
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タ⨨ࢀࡉ㸪࣒࣮ࣅࡓࡲㄪᩚࡵࡓࡢ QC1RP እ࿘ࡢ

㒊ࡶ⿵ṇ㟁☢▼ 2 ࠋࡿ࠸࡚ࢀࡽࡅࡾྲྀࡀྎ

QC1RP ᶓࢆ㉮ࡿ HER ࡣࣉࣃ࣒࣮ࣅ QC1RP
ࡢࡵࡓࡿࡍᾘཤࢆሙ☢ࢀ₃ࡢࡽ 4 ✀㢮ࡢ㉸ఏᑟ

⿵ṇ㟁☢▼ࡾྲྀࡀࡽࢀࡇࠋࡿ࠸࡚ࢀࡽࡅຍ㏿ჾ

⏝㉸ఏᑟ㟁☢▼ࡣ ESR1 ࠸࡚ࢀࡲ㎸⤌⟃ෆࡢ

▼☢ຍ㏿ჾ⏝㉸ఏᑟ㟁ࠋࡿ ESR1 ࠊࡣ㛫ࡢ

ࡍ㐽ⶸࢆฟჾ᳨ࡽ⥺ᨺᑕࡿࡍ⏕⨨࡛Ⓨࡢࡇ

࠸࡚ࢀࡲ㎸ࡵワࡃ࡞㝽㛫ࡀ㔠ྜࣥࢸࢫࢢࣥࢱࡿ

㓄࡞㞧「ࡢ▼☢㟁ࡢඛ㢌㒊ࢺࢵࢱࢫ࢜ࣛࢡࠋࡿ

ῧ㈨ᩱ㸫1ࠊࡣ⨨ ࡓࡋ♧ QCS-L IP ഃ࣒࢘ࣜ࣊

ᐜჾ⤌㎸ࡢ▼☢ࡿࢀࡲ⤌❧┿ࡽ⌮ゎ࡚ࡋ

㡬3ࠊࡣࢫ࣐ࢻ࣮ࣝࢥࡢࡇࠋ࠸ࡓࡁ ㉸ఏᑟࡢྎ

4 ᴟ㟁☢▼ 16 ࠸࡚ࢀࡲ㎸⤌ࡀ▼☢ṇ㟁⿵ࡢྎ

 ࠋࡿ
ࡀࢻ㸪㟁ὶ࣮ࣜࡣࢺࢵࢱࢫ࢜ࣛࢡࢫࣅ࣮ࢧ

ྲྀࢀࡽࡅ㸪ࡓࡲ෭ᶵࡢࡽప 㓄⟶ࡢ᥋⥆ࡀ

㸪ࡽࡇࡿࢀࡉ☢ບಶูࡣ▼☢ྛࠋࡿࢀࢃ⾜

QCS-L  QCS-R 25ࠎ㸪ྛࡣࢺࢵࢱࢫ࢜ࣛࢡ
⤌㸩1 ᮏ 30 ⤌�1 ᮏࡢ㟁ὶ࣮ࣜྲྀࡀࢻࢀࡽࡅ

1ࠕࠋࡿ࠸࡚ ᮏࠖࠊࡣESL  ESR1 ☢ࡢ㛗ᡭ᪉ྥࡢ

ሙศᕸㄪᩚ⏝ࡢࢻࣀࣞࢯ୰㛫㒊᥋⥆ࢀࡉ

�ࠋࡿ࠶࡛ࢻ㟁ὶ࣮ࣜ⏝ࣝࣈ࣮ࢣ㉸ఏᑟࡓ

㟁☢▼ࢺࢵࢱࢫ࢜ࣛࢡෆᾮయ❅⣲⇕࣮ࣝࢩ

ࡣᮦ㉁ࡢࢻ SUS304 -BelleࠊESR1ࠊESLࠋࡓࡋ⏝ࢆ
II ᯈࢻ࣮ࣝࢩࡿࡍ⏕Ⓨࢳ࢚ࣥࢡࡢࢻࣀࣞࢯ

ෆࡢ 㟁ὶࡿࡼ㟁☢ຊࢻ࣮ࣝࢩࠊࡀᯈࡢኚᙧ࣭

◚ᦆࢆࡇࡿࡍ⪃៖࡚ࡋ㸪⇕ఏᑟ⋡ࡀᑠࢸࢫ࠸ࡉ

㈇Ⲵ⇕ࡢࡽእ㒊ࠊࡵࡓࡢࡇࠋࡓ࠸⏝ࢆࢫࣞࣥ

ᑐࢻ࣮ࣝࢩࡿࡍෆࡢ ᗘศᕸࢆィ⟬ࡋ㸪ศᕸෆࡢ

 ᗘᕪࡀ 5 K ௨ୗ࠺ࡼࡿ࡞タィࣅ࣮ࢧࠋࡓࡋ

ࠊࡣ࡚ࡋ㛵ࢻ࣮ࣝࢩ⇕ࡢෆࢺࢵࢱࢫ࢜ࣛࢡࢫ

☢ሙࡢ࡞ࡁኚࠊࡽࡇ࠸↓ࡣࡇࡿࡅཷࢆ

 ࠋࡓࡋ㑅ᢥࢆ㔠ྜ࣑ࣝ

�����  ᶵᲔタィࡢࢺࢵࢱࢫ࢜ࣛࢡ

㉸ఏᑟ㟁☢▼ࢆ࣒ࢸࢫࢩᵓᡂࡿࡍ⿵ൾࣀࣞࢯ

ࢻ ESR1  ESL Belle-IIࠊࡣ ㏫ࡣࢻࣀࣞࢯ

ࡣບ☢୰ࠊࡵࡓࡿࡍ⏕Ⓨࢆሙ☢ࡢࡁྥ IP ࡋᢲࡽ

ฟࡍ᪉ྥ㟁☢ຊࡀస⏝ࠊࡓࡲࠋࡿࡍESR1  ESL
㸧ሙྜ࡚ࡵྵࡶࡓࡋࢳ࢚ࣥࢡ㸦࠸࡞ࢀࡉ☢ບࡀ

ࡀᛶయ☢ࡓࢀࡲ㎸⤌ෆ㒊ࠊࡣ IP ᪉ྥᘬࡁ㎸

⾲ࡣ㟁☢ຊࡢࡇࠋࡿࢀࡲ 22 ࢫ࢜ࣛࢡࠋࡓࡋ♧

࡚ࡋᨭᣢ᪉ἲࡿࡍᑐ㟁☢ຊࡢࡇࠊࡣ࡛ࢺࢵࢱ

ࢻࢵࣟࢺ࣮࣏ࢧࡢ㔠(Ti-6Al-4V)ྜࣥࢱࢳ 8 ᮏ࡛࣊

ᅗࠋࡿ࠸࡚ࡋ⏝᥇ࢆ᪉ᘧࡿࡍᨭᣢࢆᐜჾ࣒࢘ࣜ 48
QCS-Rࠊ ࢺࢵࢱࢫ࢜ࣛࢡ IP ഃ࣒࢘ࣜ࣊ᐜჾ

ࠊࡣࡉ㛗ࡢࢻࢵࣟࠋࡓࡋ♧ࢆᵓ㐀ࡢࢻࢵᨭᣢࣟࡢ

IP ഃࡢ 4 ᮏࡀ 75.5 mm ࠊ࡛ IP ഃࡢ 4 ᮏࡀ 108 
mm ᾮࡣ➃ࠊᐊ 㒊ࡣ➃∦ࡢࢻࢵࣟࠋࡿ࠶࡛

య࣒࢘ࣜ࣊ ᗘࠋࡿ࠸࡚ࢀࡉྜ⤖ 
ᨭᣢࣟࠊࡣࢻࢵ㟁☢ຊࡢࢫ࣐ࢻ࣮ࣝࢥ㔜㔞࡛

QCS-Rࠋࡿࡅཷࢆᛂຊ࡞ࡁ ࡀ㔜㔞ࠊሙྜࡢ 2076 kg
ESR1ࠊࡽࡇࡿ࠶࡛ ບ☢୰ࢻࢵࣟࡣస⏝ࡍ

ࡣᛂຊࡢ᭱ࡿ 206 MPa ࡿ࡞ࡃ↓ࡀ☢ບࠊ࡛

152 MPa QCS-Lࠋࡿ࡞  QCS-R ᩿ࡢࢻࢵࣟࡢ

㠃✚ࡣ 182.3 mm2 81 mm2 ࡛タィࠊ᭱ࢀࡉ ᛂຊ

ࡣ 174 MPa  205 MPa ࢱࢳࠊࡣᛂຊࡢࡇࠋࡿ࠶࡛

ࣥྜ㔠ࡢᐊ ࡛ࡢ㝆అᛂຊ㸦825 MPa㸧ࡶࡾࡼ༑ศ

 ࠋ࠸ࡉᑠ
 

 
ᅗ 48� �QCS-R ࢺࢵࢱࢫ࢜ࣛࢡ ,3 ഃ࣒࢘ࣜ࣊ᐜ

ჾࢻࢵࣟࢺ࣮࣏ࢧ㸦ᕥ㸧ࢻࢵࣟ�タィ㸦ྑ㸧�

 
୰ࡢᐜჾᨭᣢⅬ㛫࣒࢘ࣜ࣊ࡣࢻࢵࣟࡢࡇࠊࡓࡲ

ᚰ⨨ࡀ⇕⦰ࡾࡼኚ࠺ࡼ࠸࡞ࡋᐜჾ㍈ࡢ

ᆶ⥺ᑐ࡚ࡋഴࢆࡁᣢࠋࡿ࠸࡚ࡗᐊ ࡛ࡢゅᗘ

IPࠊࡣ ഃ IP ഃࢻࢵࣟࡢᑐ20.16ࠊ࡚ࡋ ᗘ

20.74 ᗘ࡛4ࠊࡀࡿ࠶ K ⦰Ⅼ࡛⇕ࡓࢀࡉ෭༷

ࡾࡼ 18.83 ᗘ 19.72 ᗘኚࡢࡇࠋࡿࡍ⇕

㉸ఏᑟࡓ࡚❧ࡳ⤌࡛ ᐊࠊᙳ㡪࡛ࡿࡼ⦰ 4 ᴟ㟁

ࡣ⨨୰ᚰࡢ▼☢ 4 K ࡛ኚࢫ࢜ࣛࢡࠊࡀࡿࡍ

ࢆኚࡿࡼ⦰⇕ࡢࡇࠊࡣᵓᡂ㒊ရࡢෆࢺࢵࢱ

⪃៖ࡋ 4 ᴟ㟁☢▼ࡀ෭༷ᚋ࣒࣮ࣅගᏛ࡛せồࡉ

ࠋࡿ࠸࡚ࢀࡉタィ࠺ࡼࡿࢀࡉ⨨㓄⨨ࡓࢀ

QC1RP ࢺࢵࢱࢫ࢜ࣛࢡࡣ⨨୰ᚰ▼☢ࠊሙྜࡢ

㍈᪉ྥ 2.35 mmࠊỈᖹ᪉ྥ 0.12 mm ኚࡍ

 ࠋࡿ

����� ࢸࢫࢩ෭༷タィ⇕ࡢࢺࢵࢱࢫ࢜ࣛࢡ

 ࣒

QCS ㉸ఏᑟ㟁☢▼ࡣ㸪ᶓᆺࢺࢵࢱࢫ࢜ࣛࢡ

⤌㎸ࡘࢀࡲ✵㛫ⓗ࡞ไ⣙ࡽ༑ศ࡞⇕㐽ⶸ࣭⇕

ࢆ⦖⤯ 4 K 㒊ࠊࡽࡇ࠸࡞ࡁ࡛ࡀࡇࡍ㟁

࣊༢┦ᾮయࡢ㐣෭༷ࡵࡓࡿࡍ෭༷Ᏻᐃࢆ▼☢

ࢡࡢ㟁☢▼㏻㟁ࠋࡿ࠸࡚࠸⏝ࢆ㸦LHe㸧࣒࢘ࣜ

ࡢධཱྀ㒊ࢺࢵࢱࢫ࢜ࣛ LHe ᅽຊࠊࡣែ≦ࡢ 0.15 
MPaࠊ ᗘ 4.4 K ࡢࢺࢵࢱࢫ࢜ࣛࢡࠋࡿ࠶࡛

㐣෭༷ LHe ࡣὶ㔞ࢫ࢞タィࡢ 20 g/s ࡢࡇࠊ࡛ LHe
ࡣチᐜ⇕㈇Ⲵࡿ࠶༢┦ὶ࡛ࡀ 32.8 W  ࠋࡿ࠶࡛

⾲ 24 ࡋ♧ࢆタィ⇕㈇Ⲵࡢࢺࢵࢱࢫ࢜ࣛࢡ

QCS-Lࠋࡓ  QCS-R 㟁☢▼ࡢࢺࢵࢱࢫ࢜ࣛࢡ

4 K W 16.3ࠊࡣ⇕ධࡢ  15.9 W ࡛ LHe ༢ࡣ

┦ὶࡢ≧ែࠋࡿ࠶⇕㈇Ⲵ࣒࢘ࣜ࣊ࡽࢺࢫࣜࡢ

ᐜჾࡢධ⇕࡛ࠊࡣ⇕㍽ᑕࡿࡼ⇕㈇Ⲵࡀࡁ

ࢱࢫ࢜ࣛࢡࠋࡿศࡀࡇࡿ࠸࡚ࡵ༨ࢆྜ࡞

ࣉࣃ࣒࣮ࣅࡢ ᐊࠊࡽ㛫ⓗไ⣙✵ࡢෆࢺࢵ

4K ప ᶵⓗ⯡୍㛫ࡢᐜჾෆ㠃࣒࢘ࣜ࣊ࡢ

ჾ࡛⏝ࡿࢀࡉ⇕㐽ⶸࡢ᪉ἲ࡛ࡀࡇࡿ࠸⏝ࢆ

ࡣእ࿘㸦ᐊ 㸧ࣉࣃ࣒࣮ࣅࠋ࠸࡞ࡁ 5 ᒙࢫࡢ

ࡇࠊࡀࡿ࠶࡚ࢀᕳࡀࣥࣙࢩ࣮ࣞࣗࢩ࣮ࣥࣃ࣮

ࡓࡿ࠼ᢚࢆ㈇Ⲵ⇕ࡿࡼ㍽ᑕ⇕ࠊ༑ศ࡛ࡣ࡛ࢀ

ࡵ SUS316L ࡋ㙾㠃ຍᕤࢆᐜჾෆ㠃࣒࢘ࣜ࣊ࡢ

ࡢ࣑ࣝࠋࡿ࠸࡚ࡋ╔ࢆ࣑ࣝ 4 K ㍽ᑕ⇕ࡢ࡛

ࡣ⋠ 0.02 ௨ୗ࡛ࡲᑠࡢࡇࠊࡾ࡞ࡃࡉຠᯝࡾࡼ

࠸࡞࠸࡚ࡋ╔࣑ࣝ SUS316L ㍽ᑕࡢᐜჾࡢ

ࡿࡼ50%௨ୖ⇕㍽ᑕࠊ࡚ࡋẚ㍑⇕ධࡿࡼ

ධ⇕ࢆᑠࠋࡿࡁ࡛ࡃࡉ�

QCS-Rࠊࡓࡲ  QCS-L ࢱࢫ࢜ࣛࢡࢫࣅ࣮ࢧ

࠺ࡼࡿࡁ࡛☢༢⊂ບࢆ▼☢ྛࡣࢺࢵ 69 ᮏ/61
ᮏࡢ㟁ὶ࣮ࣜྲྀࡀࢻࡢࡇࠋࡿ࠸࡚ࢀࡽࡅ㟁ὶࣜ

㸪ྛࡵࡓࡢ෭༷ࡢࢻ࣮ ࡛ࢺࢵࢱࢫ࢜ࣛࢡ 1 g/s
ࡢ 4 K ࡢ LHe �ࠋࡿࢀࡉ⏝ࡀ

2 2017ࠊࡣࢺࢵࢱࢫ࢜ࣛࢡࡢྎ ᖺ 3 ᭶࣮ࣅ

�ࡋࡀ⥆᥋ࡢ࣒ࢸࢫࢩタ⨨࣭෭༷࣒ࣥࣛ

�

 
ᅗ 49� SuperKEKB ࡓࢀࡉ⨨タⅬ✺⾪࣒࣮ࣅ QCS-
L  QCS-R  ࢺࢵࢱࢫ࢜ࣛࢡ

 

 
ᅗ 50� Belle-II ᳨ฟჾ⤌㎸ࡿࢀࡲ QCS-L ࣛࢡ

 ࢺࢵࢱࢫ࢜

 

⾲ 24  䜽䝷䜲䜸䝇䝍䝑䝖タィ⇕㈇Ⲵ 
 QCS-L QCS-R 
☢▼䜽䝷䜲䜸䝇䝍䝑䝖   
䝃䝫䞊䝖䝻䝑䝗 9.7 W 5.8 W 
⇕㍽ᑕ 6.6 W 10.1 W 

Sub-total 16.3 W 15.9 W 
䝃䞊䝡䝇ᐜჾ   
⇕㍽ᑕ 1.9 W 2.1 W 
ఏᑟ⇕㈇Ⲵ   
䝟䜲䝥 11.5 W 12.5 W 
ప 㓄⟶䞉ᘚ 6.0 W 6.0 W 
ಙྕ⥺ 3.8 W 3.4 W 

䝸䞊䝗෭༷䜺䝇 1.0 g/s 1.0 g/s 
Sub-total 23.2W+1.0g/s 24.0W+1.0g/s 
Total 40.5W+1.0g/s 40.7W+1.0g/s 

㸳㸫 33㸳㸫 32



ᅗࢆᵝᏊࡢࡇࠋࡓ 49 ࡿ࠸࡚ࡗᡭ๓ࠋࡓࡋ♧

ࡀࢺࢵࢱࢫ࢜ࣛࢡ QCS-Rࠊዟࡀ QCS-L ࠋࡿ࠶࡛

QCS-L ᖖఏࡓࢀࡉ⨨タࢢຍ㏿ჾࣜࣥᚋ᪉ࡢ

ᑟ㟁☢▼ࡀぢࡓࡲࠋࡿ࠼㸪ᅗ୰ྑୖぢࡀࡢࡿ࠼

QCS-L ᅗࠋࡿ࠶෭ᶵ࡛࣒࢘ࣜ࣊⏝ 50 -Belleࠊࡣ
II ᳨ฟჾࡓࢀࡲࡇࡳ⤌ QCS-L ࢵࢱࢫ࢜ࣛࢡ

 ࠋࡓࡋ♧ࢆࢺ
᭱ᚋࠊQCS ㉸ఏᑟ㟁☢▼ࢆ㉸ఏᑟ≧ែࡿࡍ

෭༷࡚࠸ࡘ࣒ࢸࢫࢩ⡆༢ㄝ᫂ࠋࡿࡍ෭༷ࢫࢩ

ᾮࠊ㐣෭༷ჾࠊᅽ⦰ᶵࠊ෭ᶵ࣒࢘ࣜ࣊ࠊࡣ࣒ࢸ

య❅⣲㈓ᵴ㸦CE㸧ࠊప 㓄⟶ࠊィ✵Ẽᅽ⦰ᶵ

෭࣒࢘ࣜ࣊ࡿ࠸࡚ࢀࡉ⏝ࠋࡿ࠸࡚ࢀࡉᵓᡂࡽ

ᶵࠊᅽ⦰ᶵࠊCE 1989ࠊࡣ ᖺ㧗࣮ࢠࣝࢿ࢚≀⌮

Ꮫ◊✲ᡤ㸦⌧ᶵᵓ㸧ࠕࡢTRISTANࠖຍ㏿ჾ࣒࣮ࣅ

⾪✺⏝㉸ఏᑟ 4 ᴟ㟁☢▼ࡢ෭༷࡚ࡋ࣒ࢸࢫࢩ

QCS-Lࠊᶵჾ࡛ࡓࢀࡉ⏝ ࡣ⏝ KEKB ຍ㏿ჾ QCS
ᅇࠊࢀࡉ⏝ SuperKEKB ࡚ࡋㄪᩚ⏝

QCS-Rࠋࡿ࠸࡚ࢀࡉ⏝ 1995ࠊࡣ⏝ ᖺ TRISTAN
ຍ㏿ჾ㐠㌿⤊ᚋ୍ࠊ෭༷ᶵჾヨ㦂⏝࡚ࡋ㐠

㌿ࡀࡓࢀࡉ㛗ᮇࡾࡓࢃಖ⟶2ࠋࡓ࠸࡚ࢀࡉ ࡢྎ

ࢱ࣮࣓ࣛࣃ㐠㌿ࡌྠࠊࡣᅽ⦰ᶵ෭ᶵ࣒࢘ࣜ࣊

K 4.4ࠊࡕᣢࢆ ࡛ 250W ࢩ෭༷ࠋࡘᣢࢆ෭⬟ຊࡢ

⾲ࢆࢱ࣮࣓ࣛࣃࡢ࣒ࢸࢫ 25 ࡛ࡲᅾ⌧ࠋࡓࡵ⧳

వ෭⬟ຊ࡚ࡋ࣒ࢸࢫࢩࠊࡣ㐠㌿࡛࣒࣮ࣅࡢ

ᗘ ࡣ 4.5 K ࡛ 20W ⛬ᗘ࡛ࠊࡀࡿ࠶࡚ࡢ㉸ఏᑟ

㟁☢▼ࢆᏳᐃ㐠㌿ࠋࡿ࠸࡚ࡁ࡛ࡀࡇࡿࡍ 
ᚋ࣒࣮ࣅࠊ㟁ὶ್ࡀቑຍࠊࡋ㉸ఏᑟ㟁☢▼ࢩ

ࣛࢡࠊࡣሙྜࡿ࡞ࡃࡁࡀ㈇Ⲵ⇕ࡢ࣒ࢸࢫ

⌧ࠋࡿ࠶ࡀᚲせࡿࡍపῶࢆ㈇Ⲵ⇕ࡢഃࢺࢵࢱࢫ࢜

ᅾ᭱ࡢ⇕㈇Ⲵࠊࡣࡢࡿ࠸࡚ࡗ࡞㟁ὶ࣮࡛ࣜࢻ

㧗 ㉸ఏᑟయࡓ࠸⏝ࢆ㟁ὶ࣮ࣜࡢࢻᨵ㐀ࢆ⾜

࡞ᚲせࡀࡇࡿࡍపῶࢆ㈇Ⲵࡢ෭ᶵࠊ࠸

 ࠋࡿ

9.�  ࡵࡲ

SuperKEKB KEKBࠊࡣ ຍ㏿ჾࡀグ㘓ࣀ࣑ࣝࡓࡋ

ࡢ࣮ࢸࢩ 40 ಸࢆ┠ᶆ࡚ࡋタィ࣭ᘓタࠊࢀࡉ

2018 ᖺ 4 ᭶ࡽ 2022 ᖺ 6 ᭶࡛ࡲ┠ᶆࣝࢸࢩࣀ࣑

ࡗ⾜ࢆ㐠㌿࣒࣮ࣅ࡞⣽⧅㠀ᖖ࡚ࡋᣦ┠ࢆ࣮

Belle-IIࠊࡣ࣮ࢸࢩࣀ࣑ࣝࠋࡿ࠸࡚  ᐃჾ㐠㌿

୰࡛ࡣ 4.65�1034cm-2s-1 ࡳࡢຍ㏿ჾࠊࡋ㐩฿࡛ࡲ

ࡣ㐠㌿ࡢ 4.707�1034cm-2s-1  ࠋࡿ࠸࡚ࡋ㐩
࡛ࡲࢀࡇࠊࡣ▼☢㞟᮰⏝㉸ఏᑟ㟁⤊࣒࣮᭱ࣅ

ࡇࡿࡍ㛗ᮇ㛫Ṇࢆ㐠㌿࣒࣮ࣅ࡛ࣝࣈࣛࢺ࡞ࡁ

㐍ࢆᨵၿ࣭⌮ゎࢆⅬࡢᚋ௨ୗࠊࡀࡓࡗ࡞ࡣ

ࢸࢫࢩࡢᚋࡸ㐠㌿࣒࣮ࣅ࡞ຠ⋡ⓗࠊ࡛ࡇࡿࡵ

 ࠋࡿ࠸࡚࠼⪄ࡿࡁᐤ࡛ᨵⰋ࣒
1㸬ࡿࡼ࣒࣮ࣅ�㉸㟁ᑟ㟁☢▼ࢳ࢚ࣥࢡⓎ⏕ሙ

ᡤ㢖ᗘࠋ 
2㸬�4 ᴟ㟁☢▼ࠊ⿵ṇ☢▼ࡢ☢ሙ≉ᛶࡢ᭦⢭ᐦ

4ࠋゎ⌮࡞ ᴟ☢ሙࡢ㛗ᮇ㛫ኚືࠊ㉸ఏᑟࢣ

 ࠋ➼ࠊゎ⌮ࡢࢫࢩࣜࢸࢫࣄࡢࣝࣈ࣮
3㸬�෭ᶵ࣒ࢸࢫࢩ෭⬟ຊࡢᨵၿ࢜ࣛࢡࠊ

 ࠋపῶࡢ㈇Ⲵ⇕ࢺࢵࢱࢫ
4㸬�෭༷ࡓࡵྵࢆ࣒ࢸࢫࢩQCS࣒ࢸࢫࢩయࡢ

㐠㌿≧ែຍ㏿ჾ࣒࣮ࣅ㐠㌿≧ែࡢ㛵㐃

ࢱ࣮ࢹࠊ࣮ࢱࢽࣔࡿࡍ⬟ྍࢆࡅ㞟ࢩ

 ࠋ❧☜ࡢ࣒ࢸࢫ
5㸬�㉸ఏᑟ㟁☢▼ບ☢ᡭἲࡢ⮬ືࠊᡈࡣ࠸༢

⣧ࠋ 
 ࠋࡿ࠶࡛ࠊ➼
 
௨ୖࡢㄢ㢟ࠊࡣ┤᥋ࣝࢆ࣮ࢸࢩࣀ࣑㧗ࡶࡿࡵ

ࡢ㛫ෆ࡛ࡓࢀࡽ㝈ࡣ㛗ᮇ㐠㌿࡛ࠊࡀ࠸࡞ࡣ࡛ࡢ

ྥࡢ࣮ࢸࢩࣀ࣑ศࣝ✚ࠊࡵ㧗ࢆಖᣢ㛫࣒࣮ࣅ

 ࠋࡿ࠸࡚࠼⪄ࡢࡶࡿࡁᐤ࡛ୖ
 

ㅰ㎡ 
SuperKEKB ࢩ▼☢㞟᮰⏝㉸ఏᑟ㟁⤊࣒࣮᭱ࣅ

ከࡶ㛤Ⓨ࣭ᘓタ௨እࡢ▼☢㉸ఏᑟ㟁ࠊࡣ࣒ࢸࢫ

KEKBࠋࡓࡋࡲࡋᚲせࢆ⾡ඛ➃ᢏࡢࡃ 㟁☢▼ࢢ

⾲ 25㻌 ෭༷ᶵჾ䠄QCS-L, QCS-Rྛ 1䝴䝙䝑䝖䠅 

䝦䝸䜴䝮෭ᶵ 
෭⬟ຊ@4.4K 

ᅽ⦰ᶵ 
᭱㢼㔞 

Ἔศ㞳⨨ 
䝦䝸䜴䝮䝍䞁䜽 
䝦䝸䜴䝮㐣෭༷ჾ 

⇕ჾ 
䝦䝸䜴䝮䝍䞁䜽 

య✚ 
ᾮయ❅⣲㈓ᵴ 

䜽䝻䞊䝗䝃䜲䜽䝹ᆺ 
250 W䠄ᾮయ❅⣲⏝䠅 

䝇䜽䝸䝳䞊ᆺ 
1250 Nm3/h 

4ჾ 
V=20m3u2䚸P=2.06 MPa 

V=200 L 
䝣䜱䞁䛝㖡⟶ 32m 

䜽䜶䞁䝏Ⓨ䜺䝇ᅇ 
V=5m3䚸P=0.395MPa 

V=9800 L 

KEKB IRࠊࣉ࣮ࣝࢢගᏛࠊࣉ࣮ࣝ ᶵᲔࠊࣉ࣮ࣝࢢ

ᕤᏛࠊ࣮ࢱࣥࢭ㉸ఏᑟప ᕤᏛࠊ࣮ࢱࣥࢭBNL ㉸
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ᅗࢆᵝᏊࡢࡇࠋࡓ 49 ࡿ࠸࡚ࡗᡭ๓ࠋࡓࡋ♧

ࡀࢺࢵࢱࢫ࢜ࣛࢡ QCS-Rࠊዟࡀ QCS-L ࠋࡿ࠶࡛

QCS-L ᖖఏࡓࢀࡉ⨨タࢢຍ㏿ჾࣜࣥᚋ᪉ࡢ

ᑟ㟁☢▼ࡀぢࡓࡲࠋࡿ࠼㸪ᅗ୰ྑୖぢࡀࡢࡿ࠼

QCS-L ᅗࠋࡿ࠶෭ᶵ࡛࣒࢘ࣜ࣊⏝ 50 -Belleࠊࡣ
II ᳨ฟჾࡓࢀࡲࡇࡳ⤌ QCS-L ࢵࢱࢫ࢜ࣛࢡ

 ࠋࡓࡋ♧ࢆࢺ
᭱ᚋࠊQCS ㉸ఏᑟ㟁☢▼ࢆ㉸ఏᑟ≧ែࡿࡍ

෭༷࡚࠸ࡘ࣒ࢸࢫࢩ⡆༢ㄝ᫂ࠋࡿࡍ෭༷ࢫࢩ

ᾮࠊ㐣෭༷ჾࠊᅽ⦰ᶵࠊ෭ᶵ࣒࢘ࣜ࣊ࠊࡣ࣒ࢸ

య❅⣲㈓ᵴ㸦CE㸧ࠊప 㓄⟶ࠊィ✵Ẽᅽ⦰ᶵ

෭࣒࢘ࣜ࣊ࡿ࠸࡚ࢀࡉ⏝ࠋࡿ࠸࡚ࢀࡉᵓᡂࡽ

ᶵࠊᅽ⦰ᶵࠊCE 1989ࠊࡣ ᖺ㧗࣮ࢠࣝࢿ࢚≀⌮
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QCS-Lࠊᶵჾ࡛ࡓࢀࡉ⏝ ࡣ⏝ KEKB ຍ㏿ჾ QCS
ᅇࠊࢀࡉ⏝ SuperKEKB ࡚ࡋㄪᩚ⏝
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ຍ㏿ჾ㐠㌿⤊ᚋ୍ࠊ෭༷ᶵჾヨ㦂⏝࡚ࡋ㐠

㌿ࡀࡓࢀࡉ㛗ᮇࡾࡓࢃಖ⟶2ࠋࡓ࠸࡚ࢀࡉ ࡢྎ
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⾲ࢆࢱ࣮࣓ࣛࣃࡢ࣒ࢸࢫ 25 ࡛ࡲᅾ⌧ࠋࡓࡵ⧳

వ෭⬟ຊ࡚ࡋ࣒ࢸࢫࢩࠊࡣ㐠㌿࡛࣒࣮ࣅࡢ

ᗘ ࡣ 4.5 K ࡛ 20W ⛬ᗘ࡛ࠊࡀࡿ࠶࡚ࡢ㉸ఏᑟ
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ࣛࢡࠊࡣሙྜࡿ࡞ࡃࡁࡀ㈇Ⲵ⇕ࡢ࣒ࢸࢫ

⌧ࠋࡿ࠶ࡀᚲせࡿࡍపῶࢆ㈇Ⲵ⇕ࡢഃࢺࢵࢱࢫ࢜

ᅾ᭱ࡢ⇕㈇Ⲵࠊࡣࡢࡿ࠸࡚ࡗ࡞㟁ὶ࣮࡛ࣜࢻ

㧗 ㉸ఏᑟయࡓ࠸⏝ࢆ㟁ὶ࣮ࣜࡢࢻᨵ㐀ࢆ⾜

࡞ᚲせࡀࡇࡿࡍపῶࢆ㈇Ⲵࡢ෭ᶵࠊ࠸

 ࠋࡿ

9.�  ࡵࡲ

SuperKEKB KEKBࠊࡣ ຍ㏿ჾࡀグ㘓ࣀ࣑ࣝࡓࡋ

ࡢ࣮ࢸࢩ 40 ಸࢆ┠ᶆ࡚ࡋタィ࣭ᘓタࠊࢀࡉ

2018 ᖺ 4 ᭶ࡽ 2022 ᖺ 6 ᭶࡛ࡲ┠ᶆࣝࢸࢩࣀ࣑
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ᅽ⦰ᶵ 
᭱㢼㔞 
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䝦䝸䜴䝮䝍䞁䜽 
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䝣䜱䞁䛝㖡⟶ 32m 

䜽䜶䞁䝏Ⓨ䜺䝇ᅇ 
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