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1 ͸͡Ίʹ

ৗ఻ಋՃ଎ͱ͸ɼৗ఻ಋঢ়ଶ (௒఻ಋͰ͸ͳ͍ঢ়ଶ)

ͷۚଐͰڥք৚݅Λ༩͑ͨྖҬ಺ʹɼߴप೾ (Radio-

Frequency waveɼҎԼʮRFʯɼϚΠΫϩ೾ͱ΋͏ݴ)

Λ౤ೖ͢Δ͜ͱͰྭৼ͞ΕΔిքͰՙిཻࢠΛՃ଎͢Δ

͜ͱͰ͋Δɻڥք৚݅Λ༩͑ΔྖҬ͸ԁ౵ܗঢ়͕Ұൠత

ͰɼՃ଎ϞʔυͷڞৼઑӶ౓ (Q஋)Λ͘͢ߴΔ͜ͱͰɼ

ͷӡثग़དྷΔɻ·ͨɼՃ଎ݱ࣮ʹՃ଎ిքΛޮ཰త͍ߴ

స࣌ʹ͸ɼͦͷྖҬ಺͸ (௒ߴ)ਅۭঢ়ଶʹ͢Δɻڥք

৚݅Λ༩͑Δۚଐʹ͸ɼߴ७౓ͷಔ͕࢖ΘΕΔ͜ͱ͕

ଟ͍ɻ

Ճ଎ࢠՃ଎ޯ഑ʹΑΔཻ͍ߴ Τߴ͸ɼ(քՃ଎ిߴ)

ωϧΪʔՃ଎ثʹͱͬͯॏཁͱͳΔ͹͔ΓͰͳ͘ɼՃ଎

քՃ଎Ͱ͸ɼۚଐදిߴΔɻৗ఻ಋ͕ܨԽʹ΋ܕͷখث

໘ͷϚΠΫϩ೾ʹΑΔൃ೤Λ཈͑ΔͨΊɼύϧεӡసΛ

ͱ͕ଟ͍ɻͨͱ͑͹ɼRFύϧε෯͕͜͏ߦ 200 nsͰ܁

Γฦ͕͠ 50 Hzͷ৔߹Ͱ͸ɼ࿈ଓ೾ͷ৔߹ͱൺ΂ͯɼฏ

೤ྔ͸ൃۉ 200 × 10−9 × 50 = 10−5 ഒʹখ͘͞ͳΔɻ

ຊߘͰ͸ɼಛ͠هͳ͍ݶΓɼύϧεӡసΛ૝ఆ͢Δɻ

ৗ఻ಋՃ଎ʹ͓͍ͯɼΑΓ͍ߴՃ଎ޯ഑Λ࣮͢ݱΔͨ

Ίͷ࠷΋؆୯ͳํ๏͸ɼՃ଎ߏ଄ʹ౤ೖ͢ΔϚΠΫϩ೾

ͷిྗΛ্͛Δ͜ͱͰ͋Δɻ͔͠͠ɼߴΤωϧΪʔՃ଎

͸ൃ೤ݯΫϥΠετϩϯͳͲͷϚΠΫϩ೾͏࢖ͰΑ͘ث

΍଱ѹͳͲͷݶքʹΑΓɼ࠷େग़ྗ͸਺ेMWͷΦʔ

μʔͰ͋ΓɼೖྗిྗΛ্͛Δ͜ͱʹ͸ݶք͕͋Δɻͦ

͜ͰɼΑΓ͍ߴՃ଎ޯ഑Λ࣮͢ݱΔ΋͏ͻͱͭͷํ๏ͱ

ͯ͠ɼप೾਺Λ্͛ͯՃ଎ϞʔυͷΤωϧΪʔີ౓Λߴ

ΊΔ͜ͱ͕͑ߟΒΕΔɻ୯Ґ௕͋ͨ͞ΓͷՃ଎ޮ཰Ͱߟ

͑ͯ΋ɼ௒఻ಋՃ଎ͷ৔߹͸࠷దͳप೾਺͕ଘ͢ࡏΔ͕

(ۭಎࡐྉͷཹ࢒఍͕߅ 10 nΩͰɼ2KͷԹ౓Ͱӡస͢

Δ৔߹͸ɼ1.3 GHz[1])ɼৗ఻ಋՃ଎ͷ৔߹͸ɼप೾਺Λ

্͛Ε͹্͛ΔఔɼՃ଎ޮ཰͸্͕ΔɻՃ଎प೾਺ͷྫ

Λ͛ڍΔͱɼߴΤωϧΪʔՃ଎ߏػڀݚث (KEK)ͷి

ΘΕ͍ͯΔ࢖Ͱثೖࣹࢠཅిࢠ Sόϯυ1ৗ఻ಋՃ଎؅

11-2 GHzɼ2-4 GHzɼ4-8 GHzɼ8-12 GHz ͷଳҬ (ͷߴप೾)

Ͱ 2.856 GHzɼཧԽֶڀݚॴ (ཧݚ)ͱًߴ౓ޫՊֶݚ

ηϯλʔڀ (JASRI)͕ڞಉӡӦ͢Δ೔ຊॳͷ Xઢࣗ༝

ثϨʔβʔՃ଎ࢠి SACLAͰ࢖ΘΕ͍ͯΔ Cόϯυ

ৗ఻ಋՃ଎؅Ͱ͸ 5.712 GHzͰ͋Δɻৗ఻ಋՃ଎ثͰ

͸ɼٕज़ͷਐาʹΑΓɼΑΓ͍ߴՃ଎प೾਺Λ࠾༻͢Δ

͜ͱ͕ग़དྷΔΑ͏ʹͳ͖ͬͯͨɻ͔͠͠ɼେిྗͷϚΠ

Ϋϩ೾ͱ͍ߴप೾਺Λ͑࢖͹ɼ͍͘ΒͰ΋͍ߴՃ଎ޯ഑

͕ (Ճ଎ثͱͯ͠)࣮ݱՄೳ͔ͱ͍͏ͱɼͦ͏Ͱ͸ͳ͍ɻ

Ճ଎ޯ഑Λ͘͢ߴΔͱɼՃ଎ߏ଄಺ͷۚଐද໘ʹ͓͚Δ

ిքڧ౓্͕͕ΓɼͦΕʹΑΓਅۭதͷେ์ి͕ൃੜ͠

ͯɼՃ଎ͷͨΊʹ஝ੵͨ͠ి࣓քΤωϧΪʔͷ่յ (Ҏ

ԼɼʮϒϨʔΫμ΢ϯʯ)͕͖ͯ͠ى·͏ɻ͋Δ RFύϧ

ε಺ͰϒϨʔΫμ΢ϯ͕ൃੜ͢ΔͱɼͦΕҎ߱ͷϚΠΫ

ϩ೾͸શ൓ࣹ͠ɼՃ଎ߏ଄ʹϚΠΫϩ೾Λ౤ೖग़དྷͳ͘

ͳΔɻ·ͨɼޙଓͷRFύϧεͰ΋Ҿ͖ଓ͖ϒϨʔΫμ

΢ϯ͕ൃੜ͢Δ͜ͱ͕ଟ͍ɻͭ·Γɼৗ఻ಋిߴքՃ଎

Ͱ͸ɼ͍͔ʹϒϨʔΫμ΢ϯͷൃੜ཰ (ϒϨʔΫμ΢ϯ

཰)ΛԼ͛Δ͔͕࠷΋ॏཁͳ՝୊ͱͳΔɻ

ϒϨʔΫμ΢ϯ཰ΛԼ͛Δํ๏ͱͯ͠͸ɼ଱ѹͷ͍ߴ

ۚଐΛ༻͍Δํ๏΋͑ߟΒΕΔɻͨͱ͑͹ɼDCిߴѹ

ͷ݁ՌͰ͸2ಔΑΓ΋νλϯ΍εςϯϨεͷํ͕଱ݧ࣮

ѹ͸ͣͬͱ͍͜ߴͱ͕෼͔͍ͬͯΔɻ͔͠͠ɼిؾ఻ಋ

཰ɼ೤఻ಋ཰ɼՃੑ޻ɼ஋ஈͳͲΛ૯߹తʹධՁ͢Δͱɼ

ಔʹউΔࡐྉ͸ࠓͷͱ͜Ζͳ͍ͷͰɼৗ఻ಋՃ଎ߏ଄ʹ

͸ಔΛ༻͍Δ͜ͱ͕ҰൠతͰ͋Δɻ

ϨʔβʔɾϓϥζϚՃ଎ʹ͸ݪཧతͳՃ଎ޯ഑ͷ੍ݶ

͕ͳ͘ɼߴΤωϧΪʔՃ଎ث΁ͷԠ༻Λ໨͕ڀݚͨ͠ࢦ

ਐΊΒΕ͍ͯΔɻҰํͰɼଟஈՃ଎΍ཅిࢠͷՃ଎͕ࠔ

೉ͳ͜ͱͳͲΛ͑ߟΔͱɼ·ͩ·ͩ՝୊͸ଟ͍ɻݱஈ֊

Ͱɼ਺ TeVྖҬͷϦχΞίϥΠμʔΛͦ͏ԕ͘ͳ͍ক

དྷʹ࣮͢ݱΔͨΊʹ͸ɼৗ఻ಋిߴքՃ଎͕༗๬ͱ͑ߟ

ΒΕΔɻCERNͷ CLICܭը͸ɼ·͞ʹৗ఻ಋిߴք

Ճ଎ʹͮ͘جϦχΞίϥΠμʔͰ͋Γ (CLICʹ͍ͭͯ

͸ɼୈ 3અͰղઆ)ɼ100 MV/mڃͷ͍ߴՃ଎ޯ഑Λ૝

ΛɼͦΕͧΕɼL όϯυɼS όϯυɼC όϯυɼX όϯυͱݺͿɻ
2DCͱ RFͰ଱ѹͷ͕޲܏ಉ͔͡͸ݱஈ֊Ͱ͸෼͔͍ͬͯͳ͍ɻ
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ఆ͍ͯ͠Δɻ100 MV/m ͷՃ଎ޯ഑Λ࣮͢ݱΕ͹ɼ10

Ωϩϝʔτϧͷڑ཭Ͱ 1 TeV ͷՃ଎͕ग़དྷΔɻ·ͨɼߴ

ిքՃ଎ٕज़͸ɼՃ଎ߏ଄ͷখܕԽΛՄೳʹ͠ɼ์ࣹޫ

ܕɼՄൖثɼҩྍ༻Ճ଎ݯ X ઢݯͳͲɼൣ޿ғͳԠ༻

ՄೳੑΛ͍ͯͬ࣋Δɻ

ຊߘͰ͸ɼCLIC ըΛத৺ʹల։͞Ε͍ͯΔৗ఻ಋܭ

ঢ়ͱలݱͷڀݚతૅجɼ͓Αͼؔ࿈͢ΔڀݚքՃ଎ిߴ

๬ʹ͍ͭͯɼஶऀͷࢹ఺͔Βղઆ͢Δɻ

(a) (b)

(c) (d)

ਤ 1: Ұൠతͳৗ఻ಋՃ଎؅ͷσΟεΫͱ಺෦ྖҬ (Ճ

଎ߏ଄)ɻ(a) ඇݮਰηϧ (ૠೖਤ͸൓ରଆͷ໘)ɻ(b) ಋ

೾ݮܕ؅ਰηϧ (ૠೖਤ͸൓ରଆͷ໘)ɻ࣮ػͰ͸ɼ্Լ

ऩମ͕૷ర͞ΕΔɻ(c)ٵӈͷಋ೾؅୺ʹϚΠΫϩ೾ࠨ

ඇݮਰՃ଎؅ͷ಺෦ྖҬɻ(c) ಋ೾ݮܕ؅ਰՃ଎؅ͷ಺

෦ྖҬɻ

2 ৗ఻ಋՃ଎؅ͷߏ଄

௨ৗɼৗ఻ಋՃ଎؅͸ɼਤ 1(a) ʹࣔ͢Α͏ͳʮσΟε

ΫʯΛ਺ेຕελοΫͯ͠઀߹͢Δ͜ͱͰɼਤ 1(c) ͷ

Α͏ʹۚଐͰڥք৚݅Λ༩͑ͨྖҬΛ࡞ΓɼͦͷྖҬ಺

ʹपظతͳՃ଎ిքΛཱͯΔߏ଄ʹͳ͍ͬͯΔ (ຊߘͰ

͸ʮσΟεΫɾελοΫํࣜʯͱݺͿ)ɻ͜Ε͸Ұछͷ

ಋ೾؅͕ͩɼΞΠϦεߏ଄ (ϏʔϜ͕௨Δখ݀) ͕͋Δ

͜ͱʹΑΓɼϚΠΫϩ೾ͷҐ૬଎౓Λޫ଎ͱ౳͘͢͠Δ

͜ͱ͕Ͱ͖ɼߴΤωϧΪʔͷిࢠ (·ͨ͸ཅిࢠ) Λͦ

ͷҐ૬଎౓ͷ೾ʹ৐ͤͯՃ଎͢Δ͜ͱΛՄೳʹ͢Δɻ

ਤ 1(a),(c) ʹ͋Δ΋ͷ͸ɼʮඇݮਰߏ଄ (Undamped

structure)ʯͱݺ͹ΕΔՃ଎؅Ͱ͋ΓɼϏʔϜόϯν͕

௨աͨ͠࢒ʹޙΔ༗֐ͳ࣍ߴϞʔυΛੵۃతʹ͸ݮਰ

ͤ͞Δ͜ͱ͸ͳ͍ (ۚଐද໘ʹ͓͚Δδϡʔϧൃ೤ͷΈ

ͰΏͬ͘Γݮਰ͢Δ)ɻϦχΞίϥΠμʔͷΑ͏ʹϚϧ

νόϯνӡస͕ඞཁͳ৔߹͸ɼ࣍ߴϞʔυΛੵۃతʹݮ

ਰͤ͞Δʮݮਰߏ଄ (Damped structure)ʯ͕ඞཁͱͳ

Δɻݮਰߏ଄ʹ͸زछྨ͔͋Γɼਤ 1(b),(d) ʹ͋Δͷ͸

ಋ೾ݮܕ؅ਰߏ଄ͱݺ͹Ε͍ͯΔՃ଎؅Ͱ͋Δ3ɻ͜Ε

3ಋ೾؅ͷःஅप೾਺ΛՃ଎Ϟʔυप೾਺ͷগ্͠ʹઃఆ͠ɼՃ଎

͸ɼൺֱత୯७ͳߏ଄Ͱେ͖ͳݮਰྗ͕ಘΒΕΔํ๏Ͱɼ

CLIC΍ SuperKEKBओϦϯάͳͲͷଟ͘ͷৗ఻ಋՃ଎

Ε͍ͯΔɻ͞༺࠾଄Ͱߏ

3 ৗ఻ಋϦχΞίϥΠμʔ CLIC

CLIC (Compact Linear ColliderɼʮΫϦοΫʯͱ͏ݴ)

͸ɼͦͷ໊ͷ௨ΓɼίϯύΫτͳ͜ͱ (খ͍͜͞ͱ) ͕ಛ

௃ͷిࢠɾཅిࢠϦχΞίϥΠμʔͰ͋Δɻͦ ͷίϯύΫ

τੑ͸ɼ͍ߴՃ଎Ϟʔυप೾਺Λ͜͏࢖ͱʹΑ࣮ͬͯݱ

͠ɼඞવతʹৗ఻ಋిߴքՃ଎͕࢖ΘΕΔɻCLICͰ͸౰

ॳɼՃ଎Ϟʔυप೾਺ͱͯ͠ 30 GHzΛ࠾༻͍͕ͯͨ͠ɼ

Ͱ͸ܭͷઃࡏݱՌɼ݁ͨ͠౼ݕదԽΛ࠷౓࠶ 12 GHz ʹ

प೾਺ΛԼ͍͛ͯΔ4ɻ͜ͷप೾਺͸ɼ͔ͭͯ೔ຊͰݕ౼

͞Ε͍ͯͨGlobal Linear Collider (GLC) ΍ถࠃͰݕ౼

͕ਐΊΒΕ͖ͯͨ Next Linear Collider (NLC) ͷप೾

਺ (11.4 GHz)ʹ͔ۙͬͨͨΊɼप೾਺͕ 12 GHzʹมߋ

͞Εͨࡍʹɼৗ఻ಋిߴքՃ଎ڀݚʹؔͯ͠ɼCERN(Ԥ

भ)ʖ KEK(೔ຊ)ʖ SLAC(ถࠃ) ͷ 3 ମ੍͕ྗڠࡍࠃۃ

্ཱ͕ͪͬͨ5ɻ

CLIC ॻܭɼ֓೦ઃࡏݱը͸ɼܭ [2] ֊੒ͨ͠ஈ׬͕

Ͱ͋Δɻͦͷදࢴ (ਤ 2) ͔Β΋Θ͔ΔΑ͏ʹɼCLIC Ճ

଎ث͸খ͍͞ɻ·ͨɼ௚ઢՃ଎͕ث 2 ຊฏߦʹฒΜͰ͍

Δ͜ͱ͕Θ͔Δɻ͜Ε͸ɼCLIC ͕ʮ2 ϏʔϜՃ଎ (Two

beam acceleration)ʯͱ͍͏ํࣜΛ࠾༻͍ͯ͠ΔͨΊͰ

͋Δɻਤ 2 ͷࠨଆʹ͋Δͷ͕υϥΠϒϏʔϜϥΠϯɼӈ

ଆ͕ओϏʔϜϥΠϯͰ͋Δɻ

ਤ 2: CLIC ͷ֓೦ઃܭॻ [2] ͷදࢴɻ

ਤ 3 ʹ CLIC ͷશମਤΛࣔ͢ɻ·ͣɼॳஈઢܗՃ଎ث

ʹ͓͍ͯɼL όϯυ (1 GHz) ͷΫϥΠετϩϯΛͬ࢖

Λࢠిͯ 2 GeV ·ͰՃ଎͢Δɻ͜͜Ͱͷόϯνִؒ͸

ϞʔυΛηϧ಺ʹด͡ࠐΊͭͭɼ࣍ߴϞʔυ͸͢΂ͯಋ೾؅΁Ҿ͖ग़
͢ํࣜɻ

4ਖ਼֬ʹ͸ɼ11.994 GHz Ͱ͋Δɻ
ͷਗ਼՚େֶ΋ՃΘΓɼ4ࠃ͸ɼதۙ࠷5 ͳ͖͍ͬͯͯΔɻʹۃ
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0.5 GHzͰ͋ΔɻͦͷޙɼDelay loops Λͯͬ࢖όϯν

ִؒΛѹॖ͠ɼ12 GHzͷόϯνִؒΛͭ࣋όϯντϨ

ΠϯΛ࡞ΓɼυϥΠϒϏʔϜϥΠϯʹೖࣹ͢ΔɻυϥΠ

ϒϏʔϜϥΠϯ͔ΒऔΓग़͞Εͨ 12 GHzͷେిྗϚΠ

Ϋϩ೾͸ɼಋ೾؅Λ௨ͬͯɼओϏʔϜϥΠϯʹ౤ೖ͞Ε

Δɻ͜ͷ 2ϏʔϜՃ଎ͷݪཧ࣮ূ͸ɼCTF (CLIC Test

Facility)ʹ͓͍͍ͯͯྃ͠׬Δɻ

ද 1: CLIC ͷ֤εςʔδʹ͓͚ΔओͳσβΠϯύϥ

ϝʔλɻ

380 GeV 1.5 TeV 3 TeV

ϧϛϊγςΟ 1.5 3.7 5.9

[1034cm−2sec−1]

Ճ଎ޯ഑ [MV/m] 72 72/100 72/100

શ௕ [km] 11.4 29 50

ύϧε܁ฦ཰ [Hz] 50 50 50

όϯνִؒ [ns] 0.5 0.5 0.5

όϯν਺/τϨΠϯ 352 312 312

িಥ఺ʹ͓͚Δ

ϏʔϜαΠζ

σx/σy [nm] 150/2.9 60/1.5 40/1

σz [ m] 70 44 44

ফඅిྗ [MW] 252 364 589

International Linear Collider (ILC) ಉ༷ɼCLIC ΋

εςʔδϯάΛ͓ͯ͑ߟΓɼୈ 1 εςʔδͷॏ৺ܥΤ

ωϧΪʔ͸ 380 GeVͰ͋Δɻ͜ͷΤωϧΪʔ͸ɼHiggs

ͷ෺ཧͷଞɼTopͳͲͷ෺ཧ΋ͨ͏ߦΊʹબ͹Εͨ [3]ɻ

ͦͷޙɼ1.5 TeVͳͲΛͯܦɼ࠷ऴతʹ͸ 3 TeVΛ໨

Δɻද͍ͯ͠ࢦ 1ʹɼCLICͷ֤εςʔδʹ͓͚Δओͳ

σβΠϯύϥϝʔλΛࣔ͢ɻୈ 1 εςʔδͰ͸Ճ଎ޯ

഑ 72 MV/m༷࢓ͷՃ଎؅Λ͍࢖ɼͦͷޙͷεςʔδͰ

͸ɼୈ 1εςʔδͰ࢖༻ͨ͠Ճ଎؅Λ্ྲྀଆ΁ઃஔɼԼ

ྲྀଆʹ 100 MV/m༷࢓ͷՃ଎؅Λ͗ܧ଍͢ɻߟࢀ·Ͱ

ʹɼKEKిࢠཅిࢠೖࣹثͷ Sόϯυৗ఻ಋՃ଎؅ͷ

ӡసՃ଎ޯ഑͸ 20 MV/mɼSACLAͷ Cόϯυৗ఻ಋ

Ճ଎؅͸ 38 MV/mɼILCͷ Lόϯυ௒఻ಋՃ଎؅Ͱ͸

31.5 MV/mͰ͋ΔɻCLICͷՃ଎ޯ഑ (100 MV/m)͸ɼ

͜Ε·Ͱͷߴप೾Ճ଎ߏ଄ͷ 2.5ഒҎ্Ͱ͋Δɻ

ͪͳΈʹɼCLIC ͷݐઃඅ͸ɼॏ৺ܥΤωϧΪʔ

380 GeVͷ৔߹ɼ67ԯεΠεϑϥϯ (೔ຊԁͰ໿ 7700

ԯԁ) ͱ͞ࢉࢼΕ͍ͯΔɻෆ֬ఆཁૉ͕ଟ͍ͱ͸ࢥΘ

ΕΔ͕ɼେࡶ೺ʹ͑ݴ͹ɼILCͱಉఔ౓Ͱ͋Δɻ·ͨɼ

72 MV/m ͷՃ଎ޯ഑Λ૝ఆ͍ͯ͠Δ CLIC ͷୈ 1 ε

ςʔδͰ͸ɼXόϯυɾΫϥΠετϩϯͷΤωϧΪʔޮ

཰΍RFύϧεѹॖٕज़Λ্ͤ͞޲Δ͜ͱͰɼΫϥΠε

τϩϯΛ͏࢖΄͏͕ 2 ϏʔϜՃ଎ํࣜΑΓ΋Ձ֨Λ͞

Βʹ҆͘Ͱ͖ΔՄೳੑ͕ఏ͞ݴΕ͍ͯΔɻࡏݱ͸ͦΕʹ

͚ͯ޲ 90%Ҏ্ͷޮ཰Λ໨ͨ͠ࢦΫϥΠετϩϯͷ։

ൃ [4] ΍ɼίϯύΫτͳଟஈύϧεѹॖٕज़ͷ։ൃ [5]

΋ਐΊΒΕ͍ͯΔɻ·ͨɼޙࠓͷ༧ఆͱͯ͠͸ɼ2019

ʙ2020 ೥ʹɼEuropean Strategy for Particle Physics

ʹ͓͍ͯɼCERNͷকདྷϓϩδΣΫτʹ FCC (Future

Circular Collider)͔ CLICͷͲͪΒʹ͢Δ͔ΛܾΊΔ

༧ఆͰ͋Δɻ

CLICͷओϏʔϜϥΠϯͷՃ଎ߏ଄ (Xόϯυͷৗ఻

ಋՃ଎؅)ͷϕʔεϥΠϯઃܭ͸΄΅ݻ·͍ͬͯΔɻਤ

4͸ɼKEK͕੡࠷ͨ͠࡞৽ͷ CLICϓϩτλΠϓՃ଎

؅ (TD26CC K1) Ͱ͋ΔɻCLIC ϓϩτλΠϓՃ଎؅

ͷίʔυωʔϜ (։ൃՃ଎؅໊) ͷ࠷ॳͷจࣈ͸ɼʮTʯ

(Travelling waveɿਐߦ೾)ɼ·ͨ͸ɼʮSʯ(Standing waveɿ

ఆࡏ೾)Ͱ͋Δɻ୯Ґ௕͋ͨ͞ΓͷγϟϯτΠϯϐʔμ

ϯεͰՃ଎ޮ཰Λ͑ߟΕ͹ɼ௨ৗ͸ਐߦ೾ͷํ͕༗ར

ͰɼCLIC ͷ৔߹΋ਐߦ೾Λ͕͏࢖ɼڀݚ։ൃஈ֊Ͱ

͸ɼ௿͍ೖྗిྗͰి͍ߴքΛ࡞Γग़ͤΔఆࡏ೾ܕՃ

଎ߏ଄Λిߴͯͬ࢖քݧࢼΛ͜͏ߦͱͳͲ΋͋ΔͷͰɼ

͜ΕΒΛίʔυωʔϜͷ࠷ॳͷจࣈͰ۠ผ͍ͯ͠Δɻ2

൪໨ʹʮDʯͷจ͕͋ࣈΔ৔߹͸ɼݮਰߏ଄ (Damped

structure)෇͖ͷՃ଎؅ΛදΘ͍ͯ͠ΔɻT·ͨ͸ TD

ͷ࣍ʹ͋Δ਺ࣈ͸ɼՃ଎ηϧ਺ΛදΘ͢6ɻCLICϓϩτ

λΠϓՃ଎؅ͷ։ൃ͸ 2008೥ࠒʹ 18ηϧ͔Β࢝·Γɼ

˰*ͷ݁ՌΛϑΟʔυόοΫ͠ͳ͕ΒɼT18ݧࢼ TD18*

˰ T24*˰ TD24*˰ TD26CC*ͱਐԽ͖ͯͨ͠ (ਤ 5ͷ

ॎ࣠Ͱɼʮ*ʯ͸೚ҙͷจྻࣈΛද͢)ɻͳ͓ɼॏ৺ܥΤω

ϧΪʔ 380 GeVͷ CLICͷओϏʔϜϥΠϯͰ͏࢖༧ఆ

ͷՃ଎؅͸ 31ηϧͰ͋Δɻηϧ਺ΛදΘ͢਺ࣈΑΓޙ

͸ɼͦ ͷՃ଎؅ͷৄࡉͳ৘ใͰ͋Δɻޙ࠷ͷTD26CCͷ

ʮCCʯ͸Compact CouplerΛදΘ͍ͯ͠ΔɻTD24*Ҏ

લͷՃ଎؅Ͱ͸ɼϚΠΫϩ೾͸ϏʔϜύΠϓ (ԁܗಋ೾

؅)Λհͯ͠ηϧʹ౤ೖ͢ΔҰൠతͳํࣜͰ͋ΔɻҰํɼ

TD26CC*Ͱ͸ɼ௚઀ηϧʹϚΠΫϩ೾Λ౤ೖ͠ɼϏʔ

ϜύΠϓΛհ͞ͳ͍෼ɼՃ଎ߏ଄͕ίϯύΫτʹͳΔઃ

Ͱ͋Δɻਤܭ 5͸ɼςετελϯυͰ RFίϯσΟγϣ

χϯά͕ͨྃ͠׬Ճ଎؅ͷ࠷ऴੑೳΛ·ͱΊͨ΋ͷͰ͋

Δɻ࠷ऴతͳ RFύϧε෯΍Ճ଎ޯ഑͸֤ݧࢼͰҟͳͬ

͍ͯΔɻͦ͜Ͱɼ͜Ε·Ͱͷ XόϯυՃ଎؅ͷిߴք

৅࿦తεέʔϦϯάଇݱΒಘΒΕ͔ͨݧࢼ [6]ɿ

ϒϨʔΫμ΢ϯ཰ ∝ (Ճ଎ޯ഑)30×(RFύϧε෯)5 (1)

Λͯͬ࢖ɼCLICͷεϖοΫ (༗ޮRFύϧε෯ɿ180 nsɼ

୯Ґ௕͋ͨ͞ΓͷϒϨʔΫμ΢ϯ཰ɿ3 × 10−7/pulse/m)

ʹՃ଎ޯ഑Λεέʔϧͯ͠දࣔͯ͋͠Δɻͭ·Γɼਤ 5

͸ɼCLIC༷࢓ͷϒϨʔΫμ΢ϯ཰Ͱӡసͨ͠৔߹ʹୡ੒

ՄೳͳՃ଎ޯ഑Ͱ͋Δ (ୠ͠ɼ͜ ͜Ͱ͸ϏʔϜϩʔσΟϯ

άͷޮՌ͸ྀ͍ͯ͠ߟͳ͍)ɻͳ͓ɼ3 × 10−7/pulse/m

6্Լྲྀͷ݁߹ηϧΛআ͍ͨݸ਺ɻ
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ਤ 3: ॏ৺ܥΤωϧΪʔ 380 GeVʹ͓͚Δ CLICͷશମਤɻߟࢀจݙ [3]ΑΓൈਮɻ

(a) (b)

ਤ 4: (a) KEK͕੡࠷ͨ͠࡞৽ͷCLICϓϩτλΠϓՃ

଎؅ɿTD26CC K1(௕͞͸໿ 30ηϯνϝʔτϧ)ɻ(b)

TD26CC K1ͷιϦουϞσϧ (൒ׂ)ͱՃ଎Ϟʔυͷ

ిքϕΫτϧɻ

ͱ͍͏ϒϨʔΫμ΢ϯ཰͸ɼ೚ҙͷՃ଎؅ͷϒϨʔΫμ

΢ϯͰɼͦͷRFύϧε಺ͷશόϯν͕ࣦΘΕͨ৔߹ͷ

ϧϛϊγςΟ௿Լ͕ 1%Ҏ಺ʹऩ·Δͱ͍͏ج४Ͱ͋Δɻ

ਰՃ଎؅ݮॳͷඇ࠷ (T18*)Ͱ͸ɼ͹Β͖͕ͭ͋Δ΋

ͷͷɼ໨ඪͱ͢ΔՃ଎ޯ഑ 100 MV/mΛ֓Ͷୡ੒ग़དྷ

ͦ͏ͩͱ͍͏݁ՌΛಘΒΕͨɻҰൠతʹɼݮਰߏ଄ͷ༗

ແͰද໘ిք͸มΘΒͳ͍͸ͣͰ͋Δ͕ɼT18*ʹݮਰ

଄Λ෇͚ͨߏ TD18*Λͨ͠ݧࢼͱ͜Ζɼੑೳ͕େ͖͘

མͪͯ͠·ͬͨɻ͜ͷ໰୊Λଧ։ͨ͠ͷ͕ɼʮද໘࣓ք

ޮՌͷॏཁੑͷൃݟʯͰ͋ͬͨɻ͜Ε·Ͱ΋ɼՃ଎Ϟʔ

υͷද໘ిք (௨ৗͷৗ఻ಋՃ଎؅Ͱ͸Ճ଎ޯ഑ͷ໿ 2

ഒ)͕ϒϨʔΫμ΢ϯ཰ʹେ͖͘ޮ͘͜ͱ͸஌ΒΕ͍ͯ

͕ͨɼද໘࣓ք΋ɼද໘ిքͱಉఔ౓ʹϒϨʔΫμ΢ϯ

཰ΛܾΊ͍ͯΔ͜ͱ͕Θ͔ͬͨͷͰ͋Δ [7, 8]ɻಋ೾؅

଄ʹ͸ɼಋ೾؅෦͕։͍͍ͯΔ͜ͱʹΑΓɼߏਰݮͷܕ

       CLIC Prototype Structures
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       CLIC Prototype Structures
Measured gradients scaled to

      180 ns pulse length and

      3 × 10
−7

 breakdown rate

ਤ 5: RF ίϯσΟγϣχϯάޙʹୡ੒ͨ͠Ճ଎ޯ഑ɻ

CLICͷεϖοΫʹεέʔϧͯ͠දࣔɻϓϩοτ͸ฏۉ

஋Λࣔ͠ɼ໼ҹͱՃ଎؅໊͸ɼͦͷՃ଎؅ͷ࠷ऴతͳੑ

ೳΛදΘ͢ɻ͜͜ͰͷՃ଎؅໊ʹ͸ɼ੡໊ऀ࡞ ͱ(ଆࠨ)

໊ऀݧࢼ (ӈଆ)Λ͋ͯ͠ࡌهΔɻ

ηϧͷଆ໘ (ਤ 6(a)ͷ͠͞ࢦՕॴ)ʹ͓͚Δද໘࣓ք͕ɼ

ඇݮਰʹൺ΂ͯ͘ߴͳΔͱ͍͏ܽ఺͕͋Δɻද໘࣓ք͕

ͱ͍͏͜ͱ͸ɼͦ͜Λେ͖͍ද໘ిྲྀ͕ྲྀΕΔͷͰɼ͍ߴ

100 MV/mڃͷՃ଎ޯ഑Λཱͯͨ৔߹ɼ108 A/cm2 ڃ

ͷڊେͳද໘ిྲྀ͕ྲྀΕΔ͜ͱʹͳΔ7ɻͦͯ͠ɼσΟ

εΫɾελοΫํࣜͷՃ଎؅Ͱ͸ɼͦͷڊେͳද໘ిྲྀ

͕σΟεΫؒͷ઀߹ՕॴΛ౉Δ͜ͱʹͳΔ (ද໘ిྲྀ͸ɼ

7ਓ޻తʹൃੜͤ͞Δද໘ిྲྀີ౓ͱͯ͠͸ɼ࠷େڃͰ͋Ζ͏ɻ
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᜖᭼ሩᄖঊॄ

᜖᭼᭐໇

Disk A

Disk B

(a)

᜖
(b)

Disk A

Disk B

୔װጓ૎

ਤ 6: (a) ౓ɻ(b)ڧ଄ͷද໘࣓քߏਰݮ ଄ͷσΟߏਰݮ

εΫؒ઀߹Օॴͷ SEMը૾ྫɻഁઢ໼ҹ͸ɼද໘ిྲྀ

ͷྲྀΕΛදΘ͢ɻࡍࠃϫʔΫγϣοϓ MeVArc2015ʹ͓

͚Δ Anitè Pèrez FontenlaࢯͷൃදεϥΠυΑΓൈਮɻ

ϏʔϜ࣠ํ޲ʹྲྀΕΔͨΊ)ɻ͜Ε͕Α͘ͳ͍ͱ͑ߟΒ

ΕΔ࣮ࣄͷྫ͕ਤ 6(b)Ͱ͋Δɻ͜ͷਤ͸ɼిߴքݧࢼΛ

ऴ͑ͨಋ೾ܕ؅ͷݮਰՃ଎؅ͷηϧͷଆ໘Λ Scanning

Electron Microscope (SEM) Ͱͨ͠࡯؍ը૾Ͱɼ;ͨ

ͭͷྡ઀͢Δηϧͷ઀߹Օॴ (ܺؒ)ʹϛΫϩϯαΠζ

ͷո͍͠෺ମ͕͑ݟΔɻిߴքݧࢼલʹ͸ݟΒΕͳ͍

ͷͰɼେ͖ͳද໘ిྲྀ͕ྲྀΕͨ͜ͱͰൃੜͨ͠΋ͷͰ

͋Δ8ɻTD24*Ͱ͸ɼηϧͷଆ໘ܗঢ়ͳͲΛ޻෉͠ɼද

໘࣓քͷۉҰԽΛਤͬͨɻ͜ΕʹΑΓɼද໘࣓քͷϐʔ

Ϋ஋͕Լ͕ͬͨɻͦΕ͕ޭΛ૗͠ɼTD24*Ճ଎؅Ͱ͸ɼ

100 MV/mΛ௒͑ΔՃ଎ੑೳΛୡ੒ͨ͠ɻ·ͨɼTD24*

ͷඇݮਰ൛Ͱ͋Δ T24Ͱ͸ɼ110ʙ120 MV/mͷՃ଎

ޯ഑Λग़ͤΔ͜ͱ͕Θ͔ͬͨɻ࠷৽൛Ͱ͋Δ TD26CC*

͸ɼ·ͩ౷͕ܭগͳ͍͕ɼ100 MV/mڃͷੑೳΛ࣮ݱ

͍ͯ͠Δɻ

͜Ε·Ͱड़΂͖ͯͨಋ೾ܕ؅ͷݮਰߏ଄ͷଞʹɼ࣍ߴ

ϞʔυΛݮਰͤ͞Δߏ଄ͱͯ͠ɼSACLA ͷ C όϯυ

Ճ଎؅Ͱ࠾༻͞Ε͍ͯΔνϣʔΫϞʔυܕͷݮਰߏ଄

͕͋Γ, Xόϯυ൛ͷՃ଎؅ͷ։ൃ΋ਐΊΒΕ͍ͯΔɻ

νϣʔΫϞʔυܕͷݮਰߏ଄ͷར఺ͱͯ͠͸ɼ

• σΟεΫΛટ൫͚ͩͰՃ޻Մೳ (ϛϦϯά͸ෆཁ)

• ಋ೾ݮܕ؅ਰߏ଄Ͱ͸ɼਤ 6(a)ͷ͠͞ࢦՕॴͰද

໘࣓ք (ද໘ిྲྀ)ͷ૿େ͕͋Δ͕ɼνϣʔΫϞʔ

υܕͷݮਰߏ଄ʹ͸ɼද໘࣓քͷ૿େ͸ͳ͍

ͱ͍͏͜ͱ͕͛ڍΒΕΔɻٯʹɼܽ఺ͱͯ͠͸ɼ

• νϣʔΫߏ଄͕͋Δ͜ͱʹΑΓɼػցతʹऑ͍

• νϣʔΫߏ଄͸ൺֱతෳࡶͳͷͰɼͦͷதͰͷ์ి
Λආ͚Δͷ͕೉͍͠

• νϣʔΫߏ଄಺ʹి࣓ք͕ (গ͠)ೖΓࠐΉ෼ɼQ

஋͕௿͍

8͜Ε͕ϒϨʔΫμ΢ϯ཰ͱؔ͢܎Δ͔͸ɼࠓͷͱ͜ΖΘ͔͍ͬͯ
ͳ͍ɻ

(a)

Ꮀዟ὿ᾯ
ុᰱ὿ᾯ

Ꮊװ὿ᾯ

᭐ᄖ(b) (c) ሩᄖ

ᾅᾫ̵έඥᥬ

ਤ 7: ਗ਼՚େֶ੡ͷXόϯυɾνϣʔΫϞʔυݮܕਰߏ

଄Λͭ࣋୯ηϧۭݧࢼܕಎ (ఆࡏ೾)ɻ(a) ͷΧοػ࡞ࢼ

τϞσϧɻ(b) ిքͷڧ౓ (্)ͱϕΫτϧ (Լ)ɻ(c) ࣓

քͷڧ౓ (্)ͱϕΫτϧ (Լ)ɻதԝͷݧࢼηϧʹϑΟʔ

ϧυ͕ूத͢ΔΑ͏ʹઃ͋ͯ͠ܭΔɻ

͕͋ΔɻνϣʔΫϞʔυܕՃ଎؅ͷ։ൃ͸ਗ਼՚େֶ (த

ͷάϧʔϓ͕୲౰͓ͯ͠Γɼਤ(ࠃ 7ʹࣔ͢Α͏ͳ୯η

ϧۭݧࢼܕಎΛ੡ͯ͠࡞ɼKEKͷࢪݧࢼઃ (Nextef [9],

New X-band Test Facility)ͰిߴքݧࢼΛͨͬߦ (2016

ʙ2017೥)ɻॳظͷઃܭͰ͸νϣʔΫߏ଄಺Ͱਂࠁͳ์

ి͕ൃੜ͕ͨ͠ [10]ɼͦͷޙͷվྑͰ์ిͷ໰୊͸վળ

͞Εͨ [11]ɻ

4 KEKʹ͓͚Δڀݚ

KEKʹ͓͚Δৗ఻ಋ XόϯυՃ଎؅։ൃ͸ɼJapan

Linear Collider (JLC)࣌୅ʹ࢝·ΓɼSLACͱͷڞಉݚ

୅ʹ͸࣌Λ௨ͯ͡ɼGLCͷڀ 60 cm؅ͷ੡࡞ɾݧࢼ·Ͱ

Λ͍ͨͯͬߦɻ͠ ͔͠ɼͦ ͷޙɼੈ քڞ௨ͷϦχΞίϥΠ

μʔΛઃ͢ܭΔಈ͖͕͜ىΓɼ2004೥ͷ International

Technology Recommendation Panel (ITRP) ʹΑΔק

ͨ͠ʹఴͬͯɼ௒఻ಋՃ଎Λ࣠ʹࠂ ILCܭը্ཱ͕͕ͪͬ

ͨɻ͜ͷࠂקʹΑΓɼKEKͰৗ఻ಋՃ଎ڀݚ։ൃΛਐΊ

ઃGlobalࢪݧࢼ͍ͨͯ Linear Collider Test Accelerator

(GLCTA)͕ղମ͞ΕΔ͜ͱʹͳͬͨɻ͜ͷ࣌ɼGLCTA

ʹ͋ͬͨ XόϯυՃ଎؅։ൃͷͨΊͷݯࢿΛ KEKՃ

଎ثͷ෱ాໜथࢯɼංޙᆹହࢯɼদຊमೋ͕ͪͨࢯத৺

ͱͳͬͯɼKEKిࢠཅిࢠೖࣹث౩ͷՃ଎؅૊ཱࣨ΁
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Ҡઃ͠ɼNextef ͱͯ͠ੜ·ΕมΘͬͨ [12]ɻஸ౓ͦͷ

ɼCLICͷप೾਺͕ࠒ 30 GHz͔Β Xόϯυ (12 GHz)

΁Լ͕ͬͨ͜ͱ΋͋ΓɼCLIC༻ϓϩτλΠϓՃ଎؅Λ

Nextef Ͱ͢ݧࢼΔ࿩͕ग़࢝ΊͨɻKEK ͸ߏػͱͯ͠

CLICܭըʹࢀՃ͍ͯ͠Δ༁Ͱ͸ͳ͍͕ɼCERNͱͷ֮

ॻ (ICA-JP-0103)ʹڞ͍ͨͮجಉڀݚΛ্ཱͪ͛ɼXό

ϯυిߴքՃ଎؅։ൃͷڀݚΛਐΊΔ͜ͱʹͳͬͨɻ

KEK / Nextef

ύ̵ᾯᾍṬᄄẂᾔᾷᾍ
έᾭὨώᾌᾱᾷ

ύ̵ᾯᾍṫᄄẂᾔᾷᾍ
έᾭὨώᾌᾱᾷ

ύ̵ᾯᾍṬ
ếܒሺុᰱᄄỀ

ύ̵ᾯᾍṫ
ếՉᥫጢᫌᆃᄄỀ

Ԟি࠱

ਤ 8: KEKʹ͓͚Δ Xόϯυిߴքࢪݧࢼઃ Nextefɻ

4.1 Nextef

ઃNextefͷશମਤΛਤࢪݧࢼքిߴ 8ʹࣔ͢ɻNextef

ʹ͸ 2ͭͷݧࢼΤϦΞ (γʔϧυ Aͱγʔϧυ B)͕͋

Δɻγʔϧυ A͸ϚϧνηϧۭಎͷݧࢼΛ͑ߦΔ͚ͩ

ͷे෼ͳۭ͕ؒ͋ΔͷͰɼϓϩτλΠϓՃ଎؅ͷిߴք

Δɻ·ͨɼγʔϧυ͍ͯ͠༺࢖ʹݧࢼ B͸ϓϩτλΠ

ϓՃ଎؅ͷݧࢼΛ͏ߦʹ͸͍ڱͷͰɼ୯ηϧۭܕಎͷࢼ

ݧࢼΔɻ͍ͯͬߦΛݧࢼքిߴతͳૅجͳͲΛ௨ͯ͠ݧ

͸ɼGLC༻ʹ։ൃͨ͠ݯϚΠΫϩ೾͏࢖ʹ 50 MWڃ

Xόϯυ Periodic Permanent Magnet (PPM)ΫϥΠε

τϩϯΛ͍ͯͬ࢖ΔɻγʔϧυA͸ɼ2୆ͷΫϥΠετ

ϩϯͷग़ྗΛ߹੒͠ɼ࠷େͰ 100 MWͷ RFύϧεΛ

ग़དྷΔɻ·ͨɼγʔϧυڅڙ BͰ࢖༻͢Δ୯ηϧۭܕ

ಎΛఆࡏ೾ۭಎͱͯ͠ઃ͢ܭΔ͜ͱͰɼ1୆ͷΫϥΠε

τϩϯͰڅڙग़དྷΔఔ౓ͷग़ྗͰݧࢼʹඞཁͳՃ଎ޯ഑

͕ಘΒΕΔΑ͏ʹ޻෉͍ͯ͠Δɻ

γʔϧυ AͰ͸ɼ͜Ε·Ͱ 9ຊͷ CLICϓϩτλΠ

ϓՃ଎؅ͷిߴքݧࢼΛͨͬߦɻਤ 5ʹ͋ΔՃ଎؅໊Λ

΋Θ͔ΔΑ͏ʹ9ɼKEKͯݟ / Nextef ͷ CLICϓϩτ

λΠϓՃ଎؅։ൃ΁ͷݙߩ౓͸͍ߴɻ

Ұํɼγʔϧυ Bʹ͓͚Δ୯ηϧۭܕಎͷຊ֨తͳ

͸ɼγʔϧυAΑΓ΋৽࢝͘͠ͷ։ݧࢼքిߴ 2016೥

Ͱɼ࠷ॳʹͨͬߦͷ͸ɼୈ 3અͷޙ࠷ʹ৮Εͨਗ਼՚େֶ

੡ͷνϣʔΫϞʔυݮܕਰۭಎͷݧࢼͰ͋ͬͨɻͦͷޙɼ

9ҹ࡮෺Ͱ͸ݟʹ͍͘ͷͰɼWeb ্Ͱެ։͍ͯ͠Δ PDF ϑΝΠ
ϧͰ֬ೝ͍͖͍ͯͨͩͨ͠ɻhttp://www.jahep.org/hepnews/

KEKͰಠࣗʹ։ൃɾ੡ͨ͠࡞ 4෼ׂํࣜͷಋ೾ݮܕ؅

ਰۭಎͷݧࢼΛͨͬߦɻ͜Εʹ͍ͭͯ͸ɼ࣍ͷୈ 4.2અ

Ͱղઆ͢Δɻ

4.2 4෼ׂํࣜՃ଎؅։ൃ

Ճ଎؅͸ɼ͜Ε·Ͱड़΂͖ͯͨΑ͏ͳσΟεΫɾελο

ΫํࣜͰ੡͞࡞ΕΔ͜ͱ͕Ұൠత͕ͩɼ͜ͷୈ 4.2અͰ

͸ɼͦΕͱ͸ʮ௚ަʯ͢ΔϏʔϜ࣠ํ޲ʹ෼ׂͨ͠ύʔ

πΛ੡࡞ɾ઀߹͢Δํࣜʹؔ͢Δ։ൃͷݱঢ়Λ঺հ͢Δɻ

ͦͷ੡ࣜํ࡞͸ɼʮ4෼ׂํࣜʯ(ඇݮਰͷ৔߹͸ 2෼ׂํ

ࣜ)ͱݺ͹ΕΔ΋ͷͰɼਤ 9ʹͦͷྫΛࣔ͢ɻ4෼ׂํ

ࣜͷ࠷΋େ͖ͳར఺͸ɼՃ଎Ϟʔυి࣓քʹΑΔද໘ి

ྲྀ͕઀߹ՕॴΛ౉Δ͜ͱ͕ͳ͍͜ͱͰ͋Δ (ද໘ిྲྀ͸

ϏʔϜ࣠ํ޲ʹྲྀΕΔͨΊ)ɻ·ͨɼσΟεΫɾελοΫ

ํࣜͰ͸ɼԿेຕ΋ͷσΟεΫΛ௒ਫ਼ີՃ͠޻ɼελο

Ϋͯ͠઀߹͠ͳ͚Ε͹ͳΒͳ͍͕ɼ4෼ׂํࣜͰ͸ɼଟ

ηϧΛϛϦϯάͰҰؾʹՃ޻Ͱ͖ɼͦͷޙͷ૊ཱ΋؆୯

Ͱ͋Δɻۙ೥ɼ௒ਫ਼ີϛϦϯάՃٕ޻ज़্͕ͨ͜͠޲ͱ

΋͋Γɼ4෼ׂํࣜΛ࠾༻͢Δ͜ͱͰɼσΟεΫɾελο

Ϋํࣜͱൺ΂ɼՃ଎؅ͷ੡࡞ίετΛେ͖͘ݮ࡟ग़དྷΔ

͜ͱ͕ظ଴͞Ε͍ͯΔɻ

ਤ 9: 4෼ׂํࣜՃ଎؅ͷྫ (TD18−QUAD−KEK)ɻ4

ͷݸ 4෼ׂ෦ͷͻͱͭΛऔΓআ͍ͨঢ়ଶɻૠೖਤ͸ ݸ1

ͷ 4෼ׂ෦ɻ

KEKͰ͸ɼ2008೥͔Β 2009೥ʹ͔͚ͯɼ18ηϧͷ

CLICϓϩτλΠϓՃ଎؅ (ಋ೾ݮܕ؅ਰߏ଄෇͖)Λ 4

෼ׂํࣜͰ੡࡞ɾͨ͠ݧࢼ (ਤ 9ʹ͋ΔՃ଎؅)ɻXό

ϯυՃ଎؅͸ɼ௨ৗɼϒϨʔΫμ΢ϯ཰͸ผͱͯ͠ɼݮ

ਰߏ଄෇͖ͷ৔߹Ͱ΋Ճ଎ޯ഑ 100 MV/m ·Ͱ͸ίϯ

σΟγϣχϯά͕ग़དྷΔɻ͔͠͠ɼ͜ͷ 4෼ׂํࣜՃ଎

؅͸ɼ60 MV/m ΑΓ͍ߴՃ଎ޯ഑ʹ౸ୡ͢Δ͜ͱ͢Β

ग़དྷͣɼ౰࣌ɼ࣮ݧతʹͦͷݪҼΛಥ͖ࢭΊΔ͜ͱ΋ग़

དྷͳ͔ͬͨɻ4෼ׂํࣜՃ଎؅ͷ։ൃ͸ɼ͜͜Ͱ͠͹Β

ηϯλʔֶ޻ցػɼ2011೥ʹɼKEK͕͍ͨͯͬ·ࢭ͘

(౰࣌)ͷ౦อஉ͕ࢯ΋͏Ұ౓ 4෼ׂํࣜʹ௅ઓ͠Α͏

ͱضΛ༲͛ͨɻஶऀ͸ͦΕʹࢍಉ͠ɼಠࣗͷγϛϡϨʔ
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(a) (b)

ᇎࡂ

ỘԋԸᦼỞ

ỘԋԸᦼở

8㽢ZϱϬʅŵ

Ὓג἞ἻṼ᭼ݸ
(8㽢ZϬ͘ϰŵŵͿ

ὲᾧᾇᾛ࡮ৄ
(Ϭ͘ϭŵŵͿ

ਤ 10: KEK/NextefͰిߴքͨ͠ݧࢼ 4෼ׂํࣜ Xό

ϯυՃ଎ߏ଄ͷΞΠϦε෇ۙͷࣸਅɻ(a) ॳظͷ 4෼ׂ

ํࣜ (TD18−QUAD−KEK)ɻࣸਅʹ͋ΔΞΠϦεܘɿ

5.3 mmɻ(b) վྑ 4෼ׂํࣜ (SD1−QUAD-R04G01)ɻ

ࣸਅ͋ΔΞΠϦεܘɿ8.4 mmɻ

(a) (b)

ਤ 11: Nextef/γʔϧυ BͰిߴքͨ͠ݧࢼվྑ 4෼ׂ

ํࣜͷ୯ηϧݮܕਰۭಎɻ(a) ௒ਫ਼ີϛϦϯάՃ޻Ͱ੡

ͨ͠࡞ 4෼ׂ෦ͷͻͱͭɻRFઃܭ͸ஶऀ͕ɼػցઃܭ

͸ KEKػցֶ޻ηϯλʔͷߴ෋ढ़࿨ͨͬߦ͕ࢯɻ(b)

4෼ׂ෦ ɻޙϏʔϜ༹઀Ͱ઀߹ͨ͠௚ࢠΛిݸ4

γϣϯڀݚ [13]ͳͲʹ͍ͯͮجɼैདྷͷ 4෼ׂํࣜʹͭ

෰͢ΔʰվྑࠀΒΕΔ͢΂ͯͷܽ఺Λ͑ߟ͍ͯ 4෼ׂํ

ࣜʱΛߟҊͨ͠ [14]ɻ۩ମతͳվྑ఺͸ɼਤ 10ʹࣔ͠

ͯ͋ΔΑ͏ʹɼ

• ϑΟʔϧυ૿େΛ཈͑ΔͨΊͷେ͖ͳ R ໘औΓ

(0.4 mm)

• 4෼ׂ෦͕ີண͢Δ৔߹ʹൃੜ͢ΔڪΕͷ͋ΔԾ૝

ϦʔΫΛͳ͘͢ඍখΪϟοϓ (0.1 mm)

Ͱ͋Δɻ͜ͷ৽͍͠ํࣜͷޮՌΛௐ΂ΔͨΊɼൺֱతࢼ

ਰۭಎΛվྑ̐෼ׂํࣜͰ੡ݮܕͷ༰қͳ୯ηϧߦ਱ݧ

ͨ͠࡞ [15](ਤ 11)ɻ͜͜Ͱɼ4෼ׂ෦ͷ઀߹ʹ͸ɼిࢠ

ϏʔϜ༹઀Λͨͬ࢖ɻ͜Ε͕ XόϯυՃ଎ߏ଄ࣗମΛ

քੑೳ͕ग़ిߴϏʔϜ༹઀Ͱ૊Έཱͯɼ໰୊͕ͳ͍ࢠి

ॳͷྫͱͳͬͨɻ࠷ͨ

ஶऀୡ͸ɼKEK/Nextef ઃʹͯɼվྑࢪ 4෼ׂํࣜͷ

୯ηϧݮܕਰۭಎ (ఆࡏ೾)ͷిߴքݧࢼΛ͍ߦɼ໨ඪ

ͷ 100 MV/m Λେ্͖͘ճΔ 120 MV/m ௒ͷՃ଎ޯ

഑·Ͱ RFίϯσΟγϣχϯάΛ͜͏ߦͱʹ੒ޭͨ͠ɻ

ਤ 12ʹɼRFίϯσΟγϣχϯάͨͬߦʹޙϒϨʔΫ

μ΢ϯ཰ͷଌఆ݁ՌΛࣔ͢ɻࣜ (1)Ͱεέʔϧ͢Δͱɼ

10
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     SD1_QUAD-R04G01_K1, 100+150 ns
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CLIC specification

ਤ 12: վྑ 4෼ׂํࣜͷ୯ηϧݮܕਰۭಎͷϒϨʔΫ

μ΢ϯ཰ͷଌఆ݁ՌɻEacc ͸ɼՃ଎ޯ഑Λද͢ɻଌఆ

൒͸ɼ110ޙؒظ MV/mҎԼͷՃ଎ޯ഑Ͱ͸ϒϨʔΫ

μ΢ϯ͸·ͬͨ͘ൃੜ͠ͳ͔ͬͨͷͰɼͦͷؒظதʹϒ

ϨʔΫμ΢ϯ͕ 2ճൃੜͨ࣌͠ͷ஋Λ্ݶͱͯࣔͯ͠͠

͋Δɻ

CLICͷ༷࢓Λຬͨ͢ࠐݟΈ͕͋Δ͜ͱ͕෼͔ͬͨɻࢼ

ؒظͷޙ࠷ͷݧࢼΒΕ͍ͯͨͨΊɼ͜͜Ͱ͸ݶ͕ؒظݧ

ͰͷϒϨʔΫμ΢ϯ཰Λۭͯͬ࢖ಎͷੑೳΛධՁ͕ͨ͠ɼ

͜ͷݧࢼதɼޙ࠷·ͰϒϨʔΫμ΢ϯ཰͸ண࣮ʹԼ͕ͬ

͍ͯͬͨ͜ͱΛ͑ߟΔͱɼ͞ΒʹίϯσΟγϣχϯάΛ

ਐΊΕ͹ɼϒϨʔΫμ΢ϯ཰͕͞Βʹ௿͘ͳΔՄೳੑ͕

͋ͬͨ͜ͱΛࢦఠ͓ͯ͘͠ɻҎ্ʹΑΓɼ৽͍̐͠෼ׂ

ํࣜͷޮՌͱՄೳੑΛ֬ೝ͢Δ͜ͱ͕Ͱ͖ͨ [16]ɻ

ɼ24ࡏݱ ηϧ͔Β੒Δ CLIC ϓϩτλΠϓՃ଎؅

(TD24*ɼਐߦ೾)Λվྑ 4෼ׂํࣜͰ੡࡞தͰɼ2018

೥౓தʹిߴքݧࢼΛ͏ߦ༧ఆͰ͋Δɻ

5 SLACʹ͓͚Δڀݚ

SLACʹ΋ɼNextefʹ૬౰͢ΔిߴքࢪݧࢼઃASTA

(Accelerator Structure Test Area)͕͋Δɻͦ ͜Ͱ͸ɼ50

Ҏ্ͷݸ XόϯυՃ଎ߏ଄ (͓΋ʹɼ୯ηϧܕ)Λݧࢼ

͖ͯͨ͠ɻͦ͜Ͱͷ݁ݧࢼՌ͸ɼʮද໘࣓քޮՌͷॏཁੑ

ͷൃݟʯʹେ͖ͨ͘͠ݙߩɻຊઅͰ͸ɼۙ࠷ͷ੒Ռͱ͠

ͯɼৗ఻ಋ௿ԹۭಎݧࢼΛ঺հ͢Δ [17]ɻASTAʹ͓͍

ͯɼਤ 13ʹ͋ΔΫϥΠΦελοτ಺ʹ୯ηϧܕඇݮਰ

ۭಎΛೖΕɼ45 KʹͯిߴքݧࢼΛͨͬߦɻ݁ՌΛਤ

14ʹࣔ͢ (Cu@45K)ɻࣨԹʹ͓͚Δ݁ݧࢼՌ (Soft Cu,

Hard Cu, Hard CuAg)ͱൺ΂Δͱɼ45Kͷ௿ԹͰ͸֨

ஈʹ͍ߴՃ଎ੑೳ͕ग़ͨɻ͜Ε͸ɼಔͷߗ౓ʹؔͯ͠܎

͍Δͱ͑ߟΕΒ͍ͯΔɻͦ΋ͦ΋ɼϒϨʔΫμ΢ϯ཰ͷ

Ճ଎ޯ഑ґଘੑ (ਤ 14ʹ͋Δ͖܏ʀ͜͜Ͱ͸୯ʹʮ܏
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͖ʯͱ͏ݴ)͸ɼϒϨʔΫμ΢ϯͷ෺ཧʹ͍ؔͯ͠܎Δɻ

Ζ͏෇͚ͳͲͷߴԹॲཧΛͯ͠ಷͬͨೈಔ (Soft Cu)Α

Γ΋ম͖ಷ͠ͷͳ͍ߗಔ (Hard Cu)ͷํ͕͖܏͸ٸͰ

͋ΔɻಔʹۜΛগྔࠞͥͨ߹ۚ͸͞Βʹ͘ߗͳΔ͜ͱ͕

஌ΒΕ͓ͯΓɼ͖܏͸͞ΒʹٸͰ͋ΔɻࡐྉͰ͋Δಔͷ

Δͱ͍͑Δɻ͍ͯ͠ڹ౓͕ϒϨʔΫμ΢ϯͷ෺ཧʹӨߗ

ͦͯ͠ɼ௿Թʹ͢Δ͜ͱͰ࠷΋͘ߗͳΓɼ͜Ε·Ͱͷৗ

఻ಋՃ଎ߏ଄ͷதͰߴ࠷ͷՃ଎ੑೳΛࣔͨ͠ɻ45K ʹ

͓͚Δ͕͖܏ಔ߹ۚͷ΋ͷͱಉఔ౓ɼ·ͨ͸ɼͦΕΑΓ

Ͱ͋ΔͱԾఆ͢Δͱɼ45K͖܏ͳٸ ʹ͓͚Δ݁ݧࢼՌ

͸ɼCLICͷ༷࢓ʹରͯ͠ɼ200 MV/mΛ௒͑ΔՃ଎ޯ

഑ʹ૬౰͢Δɻࡐྉͷߗ౓ͱϒϨʔΫμ΢ϯ཰ͱͷؔ܎

͸·ͩԾઆͰ͋Δ͕ɼࡏݱɼϑϧνϣʔΫϞʔυۭܕಎ

[18]ͱݺ͹ΕΔಛघͳ୯ηϧۭݧࢼܕಎͱߴग़ྗύϧε

ϨʔβʔΛͯͬ࢖ɼͦͷԾઆͷূݕΛ೔ถྗڠ (͓΋ʹɼ

SLAC-KEK)Ͱ͍ͯͬߦΔɻ

Cryostat Assembly

Cold Head 
Dark-Current 

Monitor

Accelerating
Structure

gggggggggggggggggg

Brazed-in Metal 
Foil

tal 

RF Flange with 
Crashed Metal

Gasket

re
ith 

etalllllll

Stainless Steel 
TM01 Waveguide

ਤ 13: ৗ఻ಋ௿Թݧࢼ༻ΫϥΠΦελοτɻSLACఏڙɻ
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CLIC specification

ਤ 14: SLAC / ASTAͰߦΘΕͨిߴքݧࢼͷ݁Ռ [17]ɻ

45Kʹ͓͚Δ௿Թݧࢼͷ݁Ռ (Cu@45K)ͷଞɼೈಔ (Soft

Cu)ɼߗಔ (Hard Cu)ɼಔͱۜͷ߹ۚ (Hard CuAg)͔

Β੡ͨ͠࡞୯ηϧܕඇݮਰۭಎʹର͢ΔৗԹͰͷ݁ݧࢼ

Ռ΋ࣔͯ͋͠ΔɻRFઃܭ (ۭಎͷزԿֶతܗঢ়)͸͢΂

ͯಉ͡Ͱ͋Δɻ

6 ϒϨʔΫμ΢ϯɾτϦΨʔߏػͷղ

ڀݚ໌

ৗ఻ಋՃ଎ߏ଄ͷϒϨʔΫμ΢ϯ͸ɼͦͷ಺෦Ͱൃੜ

͢Δਅۭ์ిʹΑͬͯ͜ىΔɻ͔͠͠ɼͦͷਅۭ์ి͕

ͲͷΑ͏ͳϝΧχζϜͰҾ͖͜͞ىΕΔ͔ʹ͍ͭͯ͸ɼ

ະͩղ໌͞Ε͍ͯͳ͍ɻͭ·ΓɼϒϨʔΫμ΢ϯΛҾ͖

૊Έ࢓͢͜ى (ϒϨʔΫμ΢ϯɾτϦΨʔߏػ)Λղ໌

͢Δ͜ͱͰɼৗ఻ಋిߴքՃ଎ੑೳΛ֨ஈʹҾ্͖͛Δ

͜ͱ͕ՄೳʹͳΔ͔΋஌Εͳ͍ɻࡏݱɼCLICܭը͕͋

Δ͜ͱ΋͋Γɼ༷ʑͳϒϨʔΫμ΢ϯɾτϦΨʔߏػͷ

ղ໌ߦ͕ڀݚΘΕ͓ͯΓɼຊઅͰ͸ɼͦͷ͍͔ͭ͘Λ঺

հ͢Δɻ

6.1 ཧ࿦తڀݚ

ϒϨʔΫμ΢ϯ͸ɼϛΫϩͳεέʔϧͷݱ৅͔Βൃੜ

͢Δͱ͑ߟΒΕɼ׬શͳཧղͷͨΊʹ͸ɼࢠݪɾ෼ࢠϨ

ϕϧͰ͑ߟΔඞཁ͕͋Δɻͦ͜ͰɼϔϧγϯΩେֶ (ϑΟ

ϯϥϯυ)ͷཧ࿦άϧʔϓ͸ɼਤ 15ʹࣔ͢Α͏ͳϚϧ

νεέʔϧͷγϛϡϨʔγϣϯΛ։ൃ͍ͯ͠Δɻ෼ࢠಈ

ྗֶ΍ӡಈֶతϞϯςΧϧϩͳͲͷख๏Λͯͬ࢖ୈҰݪ

ཧͰϒϨʔΫμ΢ϯΛཧղ͠Α͏ͱ͢Δ໺৺తࢼΈͰ͋

Δɻ࣌ݱ఺Ͱ͸ɼػࢉܭͷೳྗʹݶք͕͋ΓɼDC์ి

ʹؔͯ͠ͷΈγϛϡϨʔγϣϯ͕ՄೳͰ͋Δ͕ɼಔද໘

ʹφϊϝʔτϧɾαΠζͷಥ͕͋ىΓɼͦ͜ʹి͍ߴք

͕͔͔ͬͨ৔߹ɼͲͷΑ͏ͳ৚͕݅ͦΖ͑͹ਅۭ์ిʹ

ௐ΂Δ͜ͱ͕Մೳͱͳ͍ͬͯΔɻৄ͘͠ʹࡉΔ͔Λৄࢸ

͸ɼ͜ͷڀݚΛ౷ׅ͍ͯ͠ΔFlyura Djurabekovaࢯ (ϔ

ϧγϯΩେֶ)ͷൃදεϥΠυ [19]Λࢀর͍͖͍ͨͩͨɻ

·ͨɼ͜ͷଞʹ΋ଟ͘ͷཧ࿦త͕͋ڀݚΓɼؔ࿈ϫʔΫ

γϣοϓ [20]ͳͲͰৄ͍͠৘ใΛಘΔ͜ͱ͕ग़དྷΔɻ

ਤ 15: ϔϧγϯΩେֶ (ϑΟϯϥϯυ)ͷཧ࿦άϧʔϓ

͕։ൃ͍ͯ͠ΔɼϒϨʔΫμ΢ϯͷϚϧνεέʔϧɾγ

ϛϡϨʔγϣϯͷશମ૾ɻϔϧγϯΩେֶఏڙɻ
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6.2 ڀݚతݧ࣮

ϒϨʔΫμ΢ϯͷ࣮ݧతڀݚ͸ɼՃ଎ߏ଄ͳͲͷిߴ

քݧࢼʹΑΓߦΘΕΔɻͦ͜Ͱ͸ɼϒϨʔΫμ΢ϯʹ

൐ͬͯൃੜ͢Δ൓ࣹ೾ɼిྲྀϑϥογϡɼXઢɼޫɼԻ

ଌ͠ɼՃ଎ޯ഑΍RFύϧε෯ͳͲͱͷ؍ͳͲΛࣹ์ڹ

૬ؔΛௐ΂Δɻ·ͨɼిߴք͕ݧࢼऴྃͨ͠Ճ଎؅Λ

੾ͬͯɼ಺෦Λ SEMͳͲͰ͢࡯؍Δɻ͔͠͠ɼզʑ͕

΋஌Γ͍ͨͷ͸ɼϒϨʔΫμ΢ϯͷτϦΨʔ࠷ Ͱ(ݯ)

͋Δɻ্؍هଌྔ΍ SEM࡯؍ͷ݁Ռ͸ɼͲΕ΋ϒϨʔ

Ϋμ΢ϯͷ݁Ռൃੜ͢Δ తͳ΋ͷͰ͋ΓɼϒϨʔΫ࣍2

μ΢ϯɾτϦΨʔΛಥ͖ࢭΊΔʹ͸ԕճΓͰ͋Δͱ͍͏

ମ಺෦Λ௚ݧࢼͷݧࢼքిߴ΋͋Δɻͦ͜Ͱۙ೥ɼ͑ߟ

઀͠࡯؍ɼϒϨʔΫμ΢ϯͷॠؒલޙΛ֮ࢹతʹͱΒ͑

Δ࣮ߦ͕ݧΘΕ͍ͯΔɻʮඦฉ͸Ұݟʹ͔ͣ͠ʯͰ͋Δɻ

6.2.1 DC์ి࣮ݧʹ͓͚Δ௚઀࡯؍

੢҆ަ௨େֶ (தࠃ)ͷڀݚάϧʔϓ͸ɼਅۭதͷి

ۃ (Ϊϟοϓɿ0.5∼5 mm)ʹ਺े kVͷ DCిߴѹΛ͔

͚ͯɼ௚઀ݧ࣮࡯؍Λ͍ͯͬߦΔɻਤ 16͸ɼߴ଎౓Χ

ϝϥͰϒϨʔΫμ΢ϯͷॠؒલޙΛͱΒ͑ͨྫͰ͋Δɻ

্ଆʹಔ੡ͷಥىঢ়Χιʔυ (ϚΠφεిۃ)͕͋ΓɼԼ

ଆʹಔͷฏ൘ͷΞϊʔυ (ϓϥεిۃ)͕͋ΔɻϒϨʔ

Ϋμ΢ϯΛݕग़ͨ͠ॠؒ (∆t = 0)ɼΧιʔυ্Ͱখ͞

ͳൃޫ͕࢝·Γɼͦͷޙ (∆t = 200 ns)ɼΞϊʔυଆͷ

ൃޫ͕։࢝ɾ֦େ͢Δͷ͕ݟΒΕΔ10ɻ͜Ε͸ɼΧιʔ

υ্ʹτϦΨʔ͕͋ΓɼΧιʔυ͔ΒΞϊʔυʹ͔ͬ޲

ͯྲྀΕͨి͕ࢠΞϊʔυʹিಥͨ݁͠ՌɼΞϊʔυ͕೤

ͤΒΕͯൃޫͨ͠ͱཧղग़དྷΔɻ͜ͷ࣮݁ݧՌ͸ɼ্ه

ϔϧγϯΩେֶͷγϛϡϨʔγϣϯͷΑ͍Πϯϓοτͱ

ͳΔɻཧ࿦ɾ࣮ݧ૒ํͷޙࠓͷల։͕ظ଴͞ΕΔɻ

6.2.2 509 MHz࿈ଓ೾ۭಎݧࢼʹ͓͚Δ௚઀࡯؍

RFϒϨʔΫμ΢ϯͷτϦΨʔߏػղ໌ͷεςοϓͱ

ͯ͠ɼ্هͷཧ࿦΍࣮ݧͰࣔͨ͠Α͏ͳDCϒϨʔΫμ

΢ϯͷཧղ͸ॏཁͰ͋Δ͕ɼৗ఻ಋՃ଎ʹ͸ϚΠΫϩ೾

Λ͏࢖ͷͰɼ࠷ऴతʹ͸RFϒϨʔΫμ΢ϯΛݟͳ͚Ε

͹ͳΒͳ͍ɻஶऀ͸ɼSuperKEKBͷཅిࢠμϯϐϯά

Ϧϯά༻ͷ 509 MHzৗ఻ಋߴप೾Ճ଎ۭಎ (࿈ଓ೾)ͷ

։ൃɾ੡଄ʹܞΘ͖͕ͬͯͨ [21]ɼ͜ͷୈ 6.2.2અͰ͸ɼ

ஶऀ͕ఏҊ͠ɼͦͷ࣮ػ ͷRFίϯσΟγϣχϯػ߸2

άʹدੜ͢ΔܗͰͨͬߦ௚઀ݧ࣮࡯؍Λ঺հ͢Δɻͦ͜

ͰͷՃ଎ޯ഑͸਺MV/mఔ౓ͱύϧεӡసͱൺ΂Δͱ

௿͍͕ɼ࿈ଓ೾Ͱ͋ΔͨΊɼՃ଎ۭಎʹ͸େ͖ͳෛՙ͕

͔͔Δ͜ͱʹͳΔɻۭಎ಺Λ͢࡯؍ΔͨΊɼਤ 17ʹࣔ

10͜Ε΋ҹ࡮൛Ͱ͸ݟʹ͍͘ͷͰɼWeb ্Ͱެ։͍ͯ͠Δ PDF
ϑΝΠϧΛࢀর͍͖͍ͨͩͨɻhttp://www.jahep.org/hepnews/

ਤ 16: DCϒϨʔΫμ΢ϯͷॠؒલޙΛߴ଎౓ΧϝϥͰ

ىӨͨ͠ྫɻ্ଆʹಔ੡Χιʔυͷಥࡱ (ϚΠφεిۃ)ɼ

ԼଆʹΞϊʔυͷಔฏ൘ (ϓϥεిۃ)͕͋Δɻࡍࠃϫʔ

ΫγϣοϓMeVArc2017 [20]ʹ͓͚Δ Zhenxing Wang

ࢯ (தࠃɾ੢҆ަ௨େֶ)ͷൃදεϥΠυΑΓൈਮɻ

͢Α͏ʹɼ3୆ͷ TVΧϝϥʹΑΔηοτΞοϓΛߏங

ͨ͠ɻ

࠺౰ॳɼRFϒϨʔΫμ΢ϯͷॠؒʹ͸ɼҴ࢝։ݧࢼ

ͷΑ͏ͳܹ͍͠ࣄ৅͕ͨͬ͜ىɻ͔͠͠ɼ͜ͷΑ͏ͳࣄ

৅͸ɼݧࢼͷ࠷ॳ͚ͩͰɼRFίϯσΟγϣχϯά͕ਐ

ΉͱݟΒΕͳ͘ͳͬͨɻ؍ଌ͞Εͨ߹ܭ 205ճͷϒϨʔ

Ϋμ΢ϯࣄ৅Λ౷ܭతʹղੳͯ͠Έͯ΋ɼϒϨʔΫμ΢

ϯͷॠؒʹՃ଎ۭಎ಺ͰՐՖ΍Ҵ࠺ͷΑ͏ͳ೿खͳࣄ

৅͕ͨͬ͜ىͷ͸શମͷ͏ͪ໿ 10%ͱগͳ͘ɼͨͬ͜ى

ͷ΋RFίϯσΟγϣχϯάͷॳ͚ͩظͰ͋ͬͨɻ࠷΋

ଟ͔ͬͨࣄ৅͸ɼϒϨʔΫμ΢ϯͷॠؒɼిۃʹ૬౰͢

Δۭಎ୺൘্Ͱಥવখ͞ͳരൃ͕͜ىΔʮεϙοτܕര

ൃʯͰɼ͜Ε͸શମͷ໿ 40%͋ͬͨɻਤ 18ʹͦͷҰྫ

Λࣔ͢ɻ࣍ʹଟ͔ͬͨͷ͸ɼେిྗݧࢼதʹ҆ఆతʹൃ

ޫ͍ͯͨ͠୺൘্ͷʮً఺ʯ͕ɼϒϨʔΫμ΢ϯͷॠؒ

ʹരൃɾফ໓ͨ͠ࣄ৅Ͱɼ͜Ε͸શମͷ໿ 25%͋ͬͨɻ

ਤ 19ʹͦͷҰྫΛࣔ͢ɻً఺ͷଘࡏ͸ੲ͔Β஌ΒΕͯ

͍͕ͨɼͦΕ͕ϒϨʔΫμ΢ϯͷݯͷͻͱͭͰ͋Δ͜ͱ

͸ɼࠓճͷ؍ଌͰॳΊͯ൑໌ͨ͠ɻৄ͘͠͸ɼKEKՃ

଎ࢪڀݚثઃτϐοΫε (Webࣄه)[22]΍ݪஶ࿦จ [23]

Λߟࢀʹ͍͖͍ͯͨͩͨ͠ɻ

ЈЊқӑәϥ

ЈЊқӑәϦ

᪜
ếͣ໇ѥỀ

᪜
ế͢໇ѥỀ

ڢװᤃ۶᱔ؔຩҸՆᎺ״

ЈЊқӑәϧ

(a) (b)
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ዟ
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᜖
᭼
ế
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໇
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Ề

Å
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ູ
ዟ
ೃ
Ἷ
᜖
᭼

ế
͢
໇
ѥ
Ề

᪜
ếͣ໇ѥỀ

᪜
ế͢໇ѥỀ

Չᥫክູ Չᥫክູ

ᾗ̵ᾤᾡ̵ᾌ
(�150mm)

ਤ 17: 509 MHz࿈ଓ೾ۭಎͷ௚઀ݧ࣮࡯؍ʹ͓͚Δ 3

୆ͷ TVΧϝϥͷηοτΞοϓਤɻ
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Ṓẋṓክູᾚᾰ̵έᾄὪᾷἿ
Ṝᾙᾰ̵ᾤԪếṝṚԋἿṜቷԪỀ

ṒẍṓΏክູᾚᾰ̵έᾄὪᾷἿᇢ᫐ṒẌṓΏክູᾚᾰ̵έᾄὪᾷἿ
ṛᾙᾰ̵ᾤԪếṝṚԋἿṛቷԪỀ

଱
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ۈ
ӈ
Ἷ
ᤔ
ॄ

ẅϐ
੓
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ష᫐ ẅቷẇ

ਤ 18: ϒϨʔΫμ΢ϯͷॠؒͱͦͷ௚લͷεφοϓγϣο

τ (ਤ 17ͷ TVΧϝϥ 3ͰࡱӨ)ɻ͜ͷྫͰ͸ɼϒϨʔ

Ϋμ΢ϯͷॠؒɼۭಎ୺൘্ͰεϙοτܕരൃΛ؍ଌ͠

ͨɻૠೖਤ͸ɼരൃՕॴͷ֦େਤɻԼͷϓϩοτ͸ɼૠ

ೖਤ಺ͷً౓ͷมԽɻ

Ṓẋṓክູᾚᾰ̵έᾄὪᾷἿ
ổᾙᾰ̵ᾤԪếṝṚԋἿṛቷԪỀ

ṒẌṓΏክູᾚᾰ̵έᾄὪᾷἿᇢ᫐ ṒẍṓΏክູᾚᾰ̵έᾄὪᾷἜ὚Ἷুख
ᆷ঵ếክູ᭐ۜẮṚṘṣṟΏṷẀỀ

Ṓẋṓክູᾚᾰ̵έᾄὪᾷἿ
Ṝᾙᾰ̵ᾤԪếṝṚԋἿṜቷԪỀ

ṒẌṓΏክູᾚᾰ̵έᾄὪᾷἿ
ṛᾙᾰ̵ᾤԪếṝṚԋἿṛቷԪỀ

଱
Ҹ
ۈ
ӈ
Ἷ
ᤔ
ॄ

ẅϐ
੓

֢
ϫ

ẇ

ష᫐ ẅቷẇ

ਤ 19: ϒϨʔΫμ΢ϯͷॠؒલޙͷεφοϓγϣοτ

(ਤ 17ͷ TVΧϝϥ 3ͰࡱӨ)ɻ͜ͷྫͰ͸ɼେిྗࢼ

தʹۭಎ୺൘্Ͱ҆ఆతʹൃޫً͍ͯͨ͠఺ͷҰ͕ͭݧ

(௒৽੕രൃͷ೗͘ʹ)രൃ˰ফ໓͠ɼͦͷॠؒɼՃ଎ۭ

ಎ͕ϒϨʔΫμ΢ϯͨ͠ɻૠೖਤ͸ɼരൃًͨ͠఺ͷ৔

ॴͷ֦େਤɻԼͷϓϩοτ͸ɼૠೖਤ಺ͷً౓ͷมԽɻ

͜ͷୈ 6.2.2અͰ঺հͨ͠ڀݚ͸ɼ509 MHzɾ࿈ଓ೾

ͷՃ଎ۭಎʹؔ͢Δ΋ͷͰ͋Γɼৗ఻ಋిߴքՃ଎ߏ଄

(ΑΓ͍ߴप೾਺Ͱύϧεӡస) ʹ͓͚ΔϒϨʔΫμ΢

ϯͷϝΧχζϜͱಉ͔͡Ͳ͏͔͸Θ͔Βͳ͍ɻ͔͠͠ɼ

͍͓ʹͰͷͱ͜Ζɼஶऀୡ͕Nextef/γʔϧυB·ࡏݱ

ͯ୯ηϧۭܕಎΛ͍ͯͬߦͯͬ࢖ΔిߴքݧࢼͰ͸ɼϒ

ϨʔΫμ΢ϯͷॠؒɼεϙοτܕͷൃޫ͕ଟ͘؍ଌ͞Ε

͍ͯΔɻ·ͨɼSόϯυͷϑΥτΧιʔυిࢠॐʹϨʔ

βʔΛ౰ͯͯϒϨʔΫμ΢ϯΛ༠ൃͤ͞Δ࣮ݧͰ΋ɼϒ

ϨʔΫμ΢ϯͷॠؒʹً఺͕؍ଌ͞Εͨ [24]ɻ͜ΕΒͷ

͜ͱ͔Βɼً఺͕ϒϨʔΫμ΢ϯɾτϦΨʔߏػΛཧղ

͢ΔͨΊͷݤʹͳΔͱ͑ߟΒΕΔɻࡏݱɼஶऀୡ͸ɼՊ

Ͱً఺ͷਖ਼ମΛղ໌தͰ͋Δɻڀݚͨͬ࢖අΛݚ

7 ͓ΘΓʹ

ITRP ʹΑΔࠂקҎ߱ɼද໘࣓քޮՌͷॏཁੑͷൃ

΍ɼCLICݟ ͷ౒ྗ͕ڀݚಉڞࡍࠃըΛத৺ͱͨ͠ܭ

࣮ΓɼGLC ୅ͷՃ଎ޯ഑࣌ 65 MV/m ͔Β CLIC ͷ

100 MV/mڃ΁ͱɼৗ఻ಋిߴքՃ଎ڀݚ͸ண࣮ͳਐ

าΛ਱͍͛ͯΔɻ͞ΒͳΔඈ༂ͷϙςϯγϟϧͱͯ͠ɼ

νϣʔΫϞʔυݮܕਰߏ଄ɼ͍ߗಔ߹ۚࡐྉͷ࢖༻ɼ৽

͍͠੡ࣜํ࡞ (4෼ׂํࣜ)ͳͲ͕͋Δɻ

SLACͷৗ఻ಋ௿Թۭಎݧࢼͷ݁Ռ͸ɼCLIC༷࢓ͷ

ϒϨʔΫμ΢ϯ཰ʹͯɼՃ଎ޯ഑ 200 MV/mΛ௒͑Δ

తʹ͍ࣔࠦͯ͠ΔɻݧքՃ଎͕ՄೳͰ͋Δ͜ͱΛ࣮ిߴ

ϒϨʔΫμ΢ϯɾτϦΨʔߏػͷղ໌͕ਐΈɼࣨԹͰͦ

ͷੑೳΛୡ੒ग़དྷΕ͹ɼILCͷ 7ഒఔ౓ͷՃ଎ޯ഑Λ࣋

ͭϦχΞίϥΠμʔͷ࣮ݱՄೳੑ͕ͯ͑ݟདྷΔͱ͍͏ҙ

ຯͰɼେ͖ͳΠϯύΫτ͕͋Δɻ

ຊߘͰ঺հग़དྷͳ͔ͬͨؔ࿈ڀݚ͸਺ଟ͋͘Δɻޙ࠷

ʹɼ͜ͷڀݚ෼໺ʹ͓͚ΔओͳձٞΛ঺հ͢ΔͷͰɼڵ

ຯͷ͋Δํ͸ɼߟࢀʹ͍͖͍ͯͨͩͨ͠ɻ

• ʮCLICϫʔΫγϣοϓʯ

ຖ೥ CERNͰߦΘΕ͍ͯΔ CLICܭըશൠ (Ճ଎

ɼ෺ཧ)ʹؔ͢ΔϫʔΫγϣοϓɻલճثɼଌఆث

͸ɼ2018೥݄ 1݄ʹ։͞࠵Εͨ [25]ɻ

• ʮInternational Workshop on Breakdown Science

and High Gradient Technologyʯ

ৗ఻ಋిߴքՃ଎ʹؔ͢ΔࡍࠃϫʔΫγϣοϓͰ͋

Δɻ2012೥·Ͱ͸CERN,KEK, SLACͷͪ࣋ճΓ

Ͱ։͠࠵ɼ2013೥Ҏ߱͸ଞͷؔػڀݚ΍େֶͰ։࠵

͞Ε͍ͯΔɻୈ 1ճ͸ɼ2007೥ʹCERNͰ։͞࠵

Εɼͦͷ࣌ͷձ໊ٞ͸ʮThe X-Band Accelerating

Structure Design and Test-ProgramWorkshopʯͰ

͕͋ͬͨɼ2012೥ʹ KEKͰ։ࡍͨ͠࠵ʹɼ্ه

ͷձ໊ٞͱͳͬͨ (ංࢯޙͷ໋໊)ɻஶऀ͕ 2015೥

͸ɼ100ਓ͍ۙग़੮ऀ͕͍ͨɻલճʹ࣌Ճͨ͠ࢀʹ

(10ճ໨)͸ɼ2017೥ 6݄ɼόϨϯγΞ (εϖΠϯ)

Ͱ։͞࠵Εͨ [26]ɻ

• ʮInternational Workshop on Mechanisms of Vac-

uum Arcsʯ

௨শMeVArcͱݺ͹ΕΔࡍࠃϫʔΫγϣοϓͰɼਅ

ͱཧ࿦ΛΧόʔ͍ͯ͠Δɻݧ৅શൠͷ࣮ݱి์ۭ

CLIC ࢀ෼໺͔Βͷ͍޿Δ͕ɼ෯͋ʹܠը͕എܭ

Ճ͕͋Δɻஶऀ͕ 2015೥ʹࢀՃͨ࣌͠ʹ͸ɼ50ਓ

ఔͷग़੮ऀ͕͓Γɼ੝گͰ͋ͬͨɻલճ (6ճ໨)͸ɼ

2017೥ 3݄ɼΤϧαϨϜ (ΠεϥΤϧ)Ͱ։͞࠵Ε

ͨ [20]ɻ
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ఠΛͩͬ͘͞ࢦΛஸೡʹಡΜͰ͍͖ͨͩɼଟ͘ͷ͝ߘݪ

ͨ KEKՃ଎ثͷංޙᆹହँײʹࢯͷҙΛද͠·͢ɻ

CERN/CLIC άϧʔϓͷڞಉऀڀݚ Walter Wuen-

schࢯͱ Jan Paszkiewicz͔ࢯΒ͸ɼCLICϓϩτλΠ

ϓՃ଎؅ͷσʔλɼ͓Αͼਤͷڐ༺࢖ՄΛ͍͖ͨͩ·͠

ͨɻ·ͨɼValery Dolgashevࢯ (SLAC)ɼJiaru Shiࢯ

(ਗ਼՚େֶ)ɼFlyura Djurabekovaࢯ (ϔϧγϯΩେֶ)ɼ

Zhenxing Wangࢯ (੢҆ަ௨େֶ)͔Β΋ਤͷڐ༺࢖Մ

Λ͍͖ͨͩ·ͨ͠ɻॏͶͯँײͷҙΛද͠·͢ɻ

509 MHz࿈ଓ೾ۭಎͷ௚઀ݧ࣮࡯؍͸ɼSuperKEKB-

RF/ΞϨεۭಎάϧʔϓͰ͍ߦ·ͨ͠ɻຊڀݚʹ͝ཧղ

ͱ͝ྗڠΛ͍͖ͨͩɼँײͷҙΛද͠·͢ɻ
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