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ɹૉཻࢠඪ४ཧ࿦ʢStandard ModelɻҎԼɺSMͱݺͿʣ͸ॏྗ૬࡞ޓ༻Ҏ֎ͷ 3ͭͷ૬

͍ͯͭʹߏػͰ͋ΔώοάεߏػͷৼΔ෣͍ͱɺ࣭ྔΛ༩͑ΔࢠͷԼͰͷૉཻ༺࡞ޓ

ߴάϧʔϓͰͷ֬ೝΛ൐͏Α͏ͳ৴པ౓ͷݧ΍ಠཱͳ࣮ূݕड़͢Δ΋ͷͰ͋Δɻ௥ه

ʹɺ͜Ε·Ͱ͍͓ͯʹݧ࣮͍ SMͱͷਂࠁͳࠩҟ͸͍͔ͯͬͭݟͳ͍ɻҰํͰ SMͷ࿮

૊ΈͰ͸આ໌ʹݶΓ͕͋Γɺղ͔Ε͍ͯͳ͍໰୊΍ݱ৅͕͋ΔɻຊڀݚͰ͸ɺͦΕΒ

ͷ͏ͪɺήʔδ֊૚ੑ໰୊ʹয఺Λ͋ͯɺͦͷղܾࡦͱͳΔ༨৒࣍ݩ໛ܕʹண໨͢Δɻ

͞Βʹ҉ࠇ෺࣭ΛؚΉΑ͏ʹ֦ுͨ͠༨৒࣍ݩ໛ܕʹ΋ண໨͢Δɻ

SMʹ͓͍ͯి࣓૬࡞ޓ༻ͱऑ͍૬࡞ޓ༻͸ిऑ૬࡞ޓ༻ͱͯ͠౷Ұతʹهड़͞Ε

Δɻήʔδ֊૚ੑ໰୊ͱ͸ɺݹయ࿦Ͱ͸͜ͷిऑ૬࡞ޓ༻ͷΤωϧΪʔεέʔϧͰ͋

Δ TeVεέʔϧͱɺॏྗ૬࡞ޓ༻Λಛ௃෇͚Δ 1018 GeVͷεέʔϧͱͷؒʹେ͖ͳִ

ͨΓ͕͋Δࣄɺྔࢠ࿦ͱͯ͠͸ͦͷେ͖ͳִͨΓΛݪҼͱͯ͠ SM ͷ࿮૊ΈͰώοά

εɾϘιϯͷ࣭ྔͷྔิࢠਖ਼Λ࣌ͨ͑ߟʹෆࣗવͳඍௐ੔͕ඞཁͱ͞ΕΔࣄΛ͢ࢦɻ

༨৒࣍ݩ໛ܕ͸ήʔδ֊૚ੑ໰୊Λ༨෼ͳۭؒ࣍ݩʢ༨৒࣍ݩʣͷಋೖʹΑΓઆ໌͢

Δɻిऑ૬࡞ޓ༻ʹର͢Δॏྗͷऑ͞͸ɺॏྗͷΈ͕༨৒࣍޲ํݩʹ఻ൖ͢Δ͜ͱͰ

આ໌͞ΕΔɻ·ͨ SM ͷΧοτΦϑεέʔϧ͕ిऑ૬࡞ޓ༻ͱಉ͡ TeV εέʔϧͱͳ

ΔͨΊɺώοάεɾϘιϯͷ࣭ྔͷඍௐ੔໰୊͕ͳ͘ͳΔɻ༨৒࣍ݩ໛ܕͰ͸༨৒࣍ݩ

Ҽ͠ɺ࣭ྔΛ࣋ͭεϐϯىʹάϥϏτϯ͕఻ൖ͢Δ͜ͱʹ޲ํ 2ͷཻࢠͰ͋ΔΧϧʔ

πΝʹΫϥΠϯɾάϥϏτϯʢKaluza-Klein gravitonɻҎԼɺKKάϥϏτϯͱݺͿʣͷଘ

Δɻ͢ݴΛ༧ࡏ

ଌ͞Εͳ͍෺࣭Ͱ͋ΓɺۜՏͷճ؍ʹ͸͢Δ͕ޫֶత༺࡞ޓ෺࣭ͱ͸ɺॏྗ૬ࠇ҉

సۂઢΛ͸͡Ίͱ͢Δ؍ଌ͔࣮ࣄΒͦͷଘ͕ࡏೝΊΒΕ͍ͯΔɻ҉ࠇ෺࣭ͷ୳ࡧ͸͞

Ε͍ͯΔ΋ͷͷɺະͩʹൃ͍ͯͬࢸʹݟͳ͍ɻ҉ࠇ෺࣭͕ະൃݟͰ͋Δཧ༝ͷ̍ͭͱ

ͯ͠ɺSMཻࢠͱ҉ࠇ෺࣭͕ഔհཻࢠΛհͯ͠ͷΈ૬࡞ޓ༻͢ΔͨΊɺͦΕΒͷૉཻࢠ

൓Ԡաఔʹ͓͚Δࢄཚஅ໘ੵ͸཈੍͞Ε͍ͯΔͱ͑ߟΔ͜ͱ͕Ͱ͖Δɻ҉ࠇ෺࣭ͷੑ

࣭ͱ͔ͯ֬͠ͳ͜ͱ͸ॏྗ૬࡞ޓ༻Λ͢Δ͜ͱͰ͋ΔͨΊɺKK άϥϏτϯΛ҉ࠇ෺

࣭ͱ΋૬࡞ޓ༻͢Δͱ͑ߟΔ͜ͱ͸ࣗવͰ͋ΔɻຊڀݚͰ͸ɺKKάϥϏτϯΛ SMཻ

ண໨ͨ͠ɻ͜ͷ৔߹ɺʹܕΔͱ֦ுͨ͠໛͢༺࡞ޓ෺࣭ͱ΋૬ࠇͷΈͰ͸ͳ͘ɺ҉ࢠ

෺࣭͸ࠇ҉ KKάϥϏτϯΛഔհͱͯ͠ SMཻࢠͱ૬࡞ޓ༻Λ͢Δɻ

ຊֶҐ࿦จ͸େ͖͘෼͚ͯ 2 ͭͷ෦෼͔Β੒Δɻ࢝ΊʹɺେܕϋυϩϯিಥܕՃ଎
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ʢLargeث Hadron ColliderɻҎԼɺLHCͱݺͿʣ΁ͷઃஔ͕ݕ౼͞Ε͍ͯΔલํݕग़ثΛ

༻͍ͨɺKK άϥϏτϯͷ୳ࡧՄೳੑΛௐ΂ͨɻલํݕग़ث͸ LHC ʹ͓͍ͯ࢝ঢ়ଶʹ

໛ݩͱͯ͠େ͖ͳ༨৒࣍ܕ໛ݩཚաఔͷऔΓѻ͍ΛՄೳͱ͢Δɻ༨৒࣍ࢄΛؚΉࢠޫ

ͿʣͱϥϯυʔϧɾαϯυݺͱܕɻҎԼɺADD໛ܕʢArkani-Hamed-Dimopoulos-Dvali໛ܕ

ϥϜ໛ܕʢRandall-Sundrum໛ܕɻҎԼɺRS໛ܕͱݺͿʣʹ஫໨ͨ͠ɻ࣍ʹ RS໛ܕΛ҉

ͷ݁ՌΛ༻͍ͯϞσϧύϥϝʔλ΁ͷݧର͠ɺLHC࣮ʹܕ΁ͱ֦ுͨ͠໛ܕ෺࣭໛ࠇ

ΊͨɻٻΛݶ੍

কདྷܭըͷલํݕग़ثΛ༻͍ͨࢄཚաఔͱͯ͠ pp → pγp → pγq/gX ʹண໨ͨ͠ɻ͜

͜Ͱ p͸ཅࢠɺγ ͸ޫࢠɺq ͸ΫΥʔΫɺ൓ΫΥʔΫɺg ͸άϧʔΦϯɺX ͸؍ଌ͠ͳ͍

ɻLHC͢ࢦΛ܈ࢠཻ ͷॏ৺ܥΤωϧΪʔ 14 TeVɺੵ෼ϧϛϊγςΟ 200/fb ͷ৔߹Λ૝

ఆͨ͠ɻADD໛ܕͷϞσϧύϥϝʔλͰ͋ΔΧοτΦϑϽT ʹର͢ΔԼݶ͸ 6.3 TeVͱ

ͳͬͨɻҰํͰɺCMS࣮ݧͷڀݚάϧʔϓʹΑΔۙ࠷ (2017೥ 3݄)ͷղੳ݁ՌʢLHCͷ

ॏ৺ܥΤωϧΪʔ 13 TeVɺੵ෼ϧϛϊγςΟ 2.6/fbʣͰ͸ϽT = 9.4 TeV΋ͷ͍ڧԼݶΛ

༩͍͑ͯΔɻRS ໛ܕ͸ 2 ͭϞσϧύϥϝʔλ͕͋ΓɺKK άϥϏτϯͷ࣭ྔ mY ͱε

έʔϧύϥϝʔλ ΛͰ͋ΔɻmY = 2.0 (0.5) TeVʹର͠ Λ = 5.2 (13) TeVͷԼݶͱͳͬͨɻ

࣍ʹɺRS໛ܕʹ͓͚Δ KKάϥϏτϯΛഔհͱͨ͠҉ࠇ෺࣭໛ܕ΁ண໨͠ɺຊ໛ܕ

΁ͷ੍ݶΛٻΊͨɻRS໛ܕʹ͓͚Δ KKάϥϏτϯΛഔհͱͨ͠҉ࠇ෺࣭໛ܕ΁͸γ

άφϧɺ1) KKάϥϏτϯͷڞ໐ঢ়ଶɺ2) KKάϥϏτϯ͕҉ࠇ෺࣭ͳΒͼʹχϡʔτ

Ϧϊ΁่յ͢Δɺԣํ޲ফࣦΤωϧΪʔʴϞϊδΣοτ/ϚϧνδΣοτͷ 2छྨͷࢄ

ཚաఔʹ஫໨͠Ϟσϧύϥϝʔλ΁ͷ੍ݶΛௐ΂ͨɻ1)ͷڞ໐୳ࡧͰ͸ޫࢠରɺϨϓ

τϯରΛ่յઌͱͨ͠৔߹ͷ੍࠷͕ݶ΋͘ڧɺॏ৺ܥΤωϧΪʔ 8 TeVɺ13 TeVͷ LHC

ʹ͓͚Δ ATLAS ɺCMSݧ࣮ ͍ͯ༺ͷ݁ՌΛݧ࣮ mY = 100 GeV∼1 TeV Ͱ͸ Λ ͸͓Αͦ

100 TeVҎ্ɺmY = 2 TeVͰ͸ Λ = 54 TeVɺmY = 4 (4.5) TeVͰ͸ Λ = 10 (6) TeV΋ͷ͍ڧ

ԼݶΛಘͨɻ2)ͷԣํ޲ফࣦΤωϧΪʔʴϞϊδΣοτ/ϚϧνδΣοτ͔ΒͷϞσϧ

ύϥϝʔλ΁ͷ੍ݶ͸͜ΕΒͷ੍ݶΑΓ΋ऑ͍͜ͱΛ໌Β͔ʹͨ͠ɻ

લํݕग़ثΛ༻͍ͨ RS ໛ܕͷϞσϧύϥϝʔλ΁ͷ੍ݶ͸ɺ্ड़ 1) ͷڞ໐ঢ়ଶΛ

γάφϧͱͨ͠৔߹Ͱͷ੍ݶΑΓ΋ऑ͍ɻຊڀݚͰ஫໨ͨ͠ࢄཚաఔͰ͸ɺલํݕग़

ΑΔʹث ADD ໛ܕ΍ RS ໛ܕͷ KK άϥϏτϯ୳ࡧ͸༗ޮͰ͸ͳ͍ɻଟॏিಥࣄ৅ʹ

ΑΔόοΫάϥ΢ϯυͷ૿Ճ͕̍ͭͷཁҼͱͯ͑͠ߟΒΕΔɻ·ͨ KKάϥϏτϯΛ

தؒঢ়ଶͱͨ͠ tνϟϯωϧࢄཚաఔʹண໨͕ͨ͠ɺTeVεέʔϧ࣭ྔͷ KKάϥϏτ
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ϯΛแؚ͢Δ RS໛ܕʹ͓͍ͯ͸ɺKKάϥϏτϯͷڞ໐ঢ়ଶʢsνϟϯωϧʣΛγάφ

ϧͱ͢Δํ͕ࢄཚஅ໘ੵ͸େ͖͍ɻ࣮ࡍɺ߲໨ 1)ͷڞ໐ঢ়ଶΛγάφϧͱͨ͠৔߹ͷ

RS໛ܕ΁ͷϞσϧύϥϝʔλ΁ͷ੍͍͜ڧ͕ݶͱΛ֬ೝͨ͠ɻ·ͨɺ҉ࠇ෺࣭໛ܕ΁

ͱ֦ுͨ͠ RS໛ܕͰ͸ɺKKάϥϏτϯͷޫࢠ΍Ϩϓτϯ΁ͷ૬࡞ޓ༻͕཈੍͞Εͨ

৔߹ͷΈɺͦΕΒ΁่յ͢Δڞ໐γάφϧ͕ͳ͘ͳΔͨΊɺԣํ޲ফࣦΤωϧΪʔʴ

ϞϊδΣοτ/ϚϧνδΣοτաఔ͕ɺKKάϥϏτϯͷ௿࣭ྔྖҬͰ༗ޮͳ੍ݶΛ༩

͑Δɻ
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