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 11: ɶࣱ܇ዴเƱ BGOǷȳȁȬȸǿƔǒƳǔᘺፗ

ፗƠᲦยܭǛᘍƬƨŵ

ӕࢽƠƨȇȸǿƔǒϐನƠƨǬȉȪȋǦȠƷǬȳȞ

ዴʙᝋƷႆဃໜǍέႆ̮ӭƔǒƷ᧓ࠀƳƲǛဇƍƯ

ᢠ৸ǛᘍƏŵʙᝋᢠ৸ࢸƷέႆ̮ӭƱ̮ႆࢸӭƷ᧓ࠀ

ЎࠋƸ 12 ƷǑƏƴƳǓᲦʚᆔƷǬȉȪȋǦȠຜࡇ

ƴƓƍƯǷȟȥȬȸǷȧȳƴǑǔʖย͌ƱಒƶӳƬƯƍ

ǔŵʻࢸƸƞǒƳǔȇȸǿᚐௌᲦEGADSƷȢȳȆǫȫ

ȭǷȟȥȬȸǷȧȳƷᛦૢƳƲǛᘍƳƍᲦɶࣱ܇Ʒ౨Ј

јྙǍȐȃǯǰȩǦȳȉƷฆλྙƳƲƷᚸ̖ǛᘍƳƏŵ

ƦƠƯ GADZOOKS!ƴǑǔឬૼᏑȋȥȸȈȪȎƷ

ႆᙸӧᏡࣱǛܭႎƴᚸ̖ƢǔʖܭưƋǔŵ

 12: έႆ̮ӭƱ̮ႆࢸӭƷ᧓ࠀЎࠋŵƕǬȉȪȋ

ǦȠຜࡇƕ 0.015%ᲦӫƸຜࡇ 0.023%ŵƦǕƧǕƷຜࡇ

ƴƓƚǔǷȟȥȬȸǷȧȳƔǒࢽǒǕƨܭૠƸ 221.8

ȞǤǯȭᅺƱ 124.8ȞǤǯȭᅺưƋƬƨŵ

7 あとがき
EGADS᬴ܱƸǹȸȑȸǫȟǪǫȳȇǍ˂ƷٻƖƳܱ

᬴ƴൔǂǔƱᚨƷٻƖƞǋʴՃǋᙹƕݱƞƍǋƷ

ưƢƕᲦƦƷЎƩƚ᬴ܱǛᘍƠƯƍƘಏƠƞǍᩊƠƞ

Ǜଐŷज़ơƯƍǇƢŵPMTƷᘺბ˺ಅƴӋьƠƯƘƩ

ƞƬƨᤸޛƷ૾ᲦȜȩȳȆǣǢƷܖဃᲦƦƠƯǹȸȑȸ

ǫȟǪǫȳȇưƷኺ᬴ǛˡƠƯƘƩƞƬƨᅕޢᚨƷ

૾ŷƴƜƷئǛ͈ǓƯƓᅇǛဎƠɥƛƨƍƱ࣬ƍǇƢŵ

EGADS᬴ܱƸ 2009 ƷᇌƪɥƛˌᨀᲦǿȳǯƷᚨ࠰

ᚘȷᚨƔǒڼǇǓŴኝ൦ᘺፗƷᚨፗƓǑƼોᑣᲦǬȉȪ

ȋǦȠ൦๋෩ƷǯǩȪȆǣȁǧȃǯᲦǽȸǯȆǹȈƴǑǔ

ᢿƷᏵࣱᚸ̖ŴǷȟȥȬȸǷȧȳȗȭǰȩȠƷႆ

ƳƲಮŷƳᛢ᫆ǛƦǕƧǕƷᄂᆮᎍƕბܱƴǯȪǢƠƯ

ƍƖ 8 ᲦǑƏǍƘǬȉȪȋǦȠλǓ൦ȁǧȬȳǳȕ౨Ј

֥Ʒዮӳႎᚸ̖ǛᘍƑǔെ᨞ƴƳǓǇƠƨŵஜ᬴ܱƴ᧙

ǘǔƢǂƯƷ᧙̞ᎍᲦǇƨஜᆜƷؓᇿƷೞ˟ǛɨƑƯƍ

ƨƩƍƨዻᨼۀՃ˟ƴǋज़ᜓƍƨƠǇƢŵGADZOOKS!

᬴ܱƴӼƚƯƷᛢ᫆ƸǇƩǇƩƋǓǇƢƕᲦƍƭƷଐƔ

žǹȸȑȸǫȟǪǫȳȇƕɭမИƷឬૼᏑȋȥȸȈ

ȪȎႆᙸᲛ᳸ǬȉȪȋǦȠǛဇƍƨᚇย২ᘐƕǭȩȪᲛſ

ƱƍƏȋȥȸǹǛᎥƚǔଐƕஹǔǑƏᲦʻࢸǋᄂᆮǛᡶ

ǊƯƍƖƨƍƱ࣬ƍǇƢŵ
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1 はじめに
LHC Ƹ 2009 ኒǨȍȫǮȸ࣎ƴ࠰

√
s = 900 GeV

ưஜᆙƠᲦƦƷࢸǨȍȫǮȸǛ 7 TeV Ɣǒ 8 TeV
ƴɥƛƨŵƦƠƯᲦ2013 И᪽ƴ࠰ Run 1 ƕኳʕƢǔǇ

ưƴᲦATLASᲦCMS ᬴ܱσƴƦǕƧǕኖ 25 fb−1 Ⴛ࢘

Ʒ pp ᘔᆳȇȸǿǛᔛᆢƠƨŵƜǕǒƷȇȸǿǛ̅ƬƯ

แ (SM) ƴԃǇǕǔቩ܇Ƹ “ϐႆᙸ”ƞǕᲦƦƷ

ဃૺ᩿ᆢƸแƷ౨ᚰƕӧᏡƳǄƲƷችࡇưยܭ

ƞǕƸơǊƯƍǔŵW±/Z ȜǽȳƱȈȃȗǯǩȸǯƷᲦ

ҥɟဃƱݣဃƴݣƢǔྵໜưƷATLAS Ʒૺ᩿ᆢ

ยܭƷኽௐƱ SM ʖेƱƷൔ᠋Ǜ 1 ƴᅆƢŵƜƷǑ

ƍɟᐲƕᅆƢᡫǓᲦแᢅᆉƷች݅ยܭƸᛦƴᡶ

ǜưƍǔŵஇᡈưƸᲦWW ʏƳƲƷʻǇưยܭƞǕ

ƯƍƳƔƬƨૼƠƍᢅᆉƷΫͅǋᙸƑƸơǊƯƍǔ [1]ŵ
ƜǕǒƷኽௐƸૼቩ܇ኧƴƸഎƔƢƜƱƷưƖƳƍ᩼

ࠝƴٻʙƳǹȆȃȗưƋǓᲦᢅӊƷ᭗ǨȍȫǮȸȋȥȸ

ǹ [2–5] ưǋࡇŷӕǓɥƛǒǕƯƍǔƷưᲦᛇኬƸƦƪ

ǒǛӋༀƠƯƍƨƩƖƨƍŵ
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 1: W±/Z ȜǽȳȷȈȃȗǯǩȸǯƷҥɟဃƱݣဃ

Ʒૺ᩿ᆢยܭƷኽௐŵӫͨƴᅆƢƷƸย͌ܭƱྸᛯʖ

ेƱƷൔŵ

ƦƠƯᲦǍƸǓRun 1ƷȏǤȩǤȈƱƍƑƹȒȃǰǹ

ቩ܇ƷႆᙸưƋǔŵ2012 ࠰ 7 உƴȒȃǰǹቩ܇ǒƠƍ

ૼቩ܇ƷႆᙸƕإԓƞǕƯˌஹᲦƦƷቩ܇Ʒဃ᫁ࡇᲦ

ឋᲦǹȔȳƳƲƷࣱឋƷยܭƕᡶǈᲦ2013࠰ବƴȒȃ

ǰǹቩ܇ƱᄩᛐƞǕǔƱƜǖǇưᡶǜƩŵƞǒƴยܭƕ

ᡶǜƩኽௐᲦྵנǇưƷƱƜǖǄǅ “แƷȒȃǰ

ǹቩ܇”ƱԠǜưǑƍǄƲแƔǒƷƣǕƸᙸƑƯ

ƍƳƍŵǇƞƴแɢബᲛưƋǔŵƪƳǈƴ᭗Ǩȍ

ȫǮȸȋȥȸǹưǋᲦ2012 ܇ƷȒȃǰǹǒƠƖቩٰ࠰

Ʒႆᙸ (ƱƦƷᐻڠᲛ)ᲦƦƷࢸ 2013 ବƴƔƚƯȒȃ࠰

ǰǹቩ܇ƱᄩᛐƞǕƯƍƘᢅᆉǛᡲ᠍Ʒ࢟ [6–15] ưƓ

ˡƑƠƯƍǔƷưᲦᐻԛƷƋǔ૾Ƹ᩼ƦƪǒǛӋༀƠ

ƯƍƨƩƖƨƍŵ

ஜᆜưƸᲦȒȃǰǹႆᙸƷഏƴஹǔᲹưƋǖƏแ

Ƣݣƴ܇ǛឭƑǔૼཋྸƱᲦƦǕƴ᧙ᡲƢǔசჷƷቩ

ǔኧƷྵཞǛإԓƠƨƍŵཎƴឬݣᆅࣱྸᛯ (SUSY)
ưʖेƞǕǔቩ܇ƷኧƱᲦ˷йഏΨƳƲƷૼཋ

ྸƔǒࢳƞǕǔኳཞ७ȷȈȝȭǸȸƴბႸƠƯኧƠ

ƨኽௐƴƬƯإԓƢǔŵǋƪǖǜƜǕǒƸ ATLASᲦ
CMS ᬴ܱưࢽǒǕƨኽௐƷƝƘɟᢿưƋǓᲦƦƷǄƔ

ƷኽௐƸƦǕƧǕƷ᬴ܱƷ web ȚȸǸ [16,17] ƴǇƱǊ

ǒǕƯƍǔŵƪƳǈƴƜǕǒƷኽௐǛЈƢƴƋƨƬƯᲦ

ཋྸᚐௌǋԃǊƯATLAS ଐஜǰȫȸȗƔǒƷ᩿૾ٶƴ

ǘƨǔᝡྂƕƋƬƨƜƱǛ˄ᚡƠƯƓƖƨƍŵ

2 超対称性粒子の探索
แǛឭƑǔཋྸƷᇿ᪽Ƹ˴ƔᲹƱբǘǕǔ

Ʊ˴Ǜ࣬ƍƭƘƩǖƏŵƦƷʴƷڤǈƱ̮ࣞ (Ჹ) ƴǑƬ

ƯሉƑƸ٭ǘǔƩǖƏƕᲦSUSY ƸʻưǋƦƷᇿ᪽Ʒɟ

ƭƱᎋƑƯǑƍƩǖƏŵମʻƍǖƍǖƱᜭᛯƞǕǔƜƱ

ǋٶƍྸᛯƷ “ᐯƞ”Ʒբ᫆ƸƻƱǇƣፗƍƯƓƍƯᲦ

SUSY ኧƷྵཞƴƭƍƯஇૼƷኽௐǛԃǊƯˌɦưኰ

ʼƠƨƍŵ

SUSYኧƸᲦR-ȑȪȆǣ̬܍ƴဌஹƢǔஇǋ᠉ƍឬ

܇ᆅࣱቩݣ (LSP)ƕ˺ǔෞڂǨȍȫǮȸ (Emiss
T )Ǜኧ

ƴဇƍǔƔƲƏƔưٻƖƘʚƭƷኒወƴЎƚǔƜƱƕư
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2

Ɩǔŵƞǒƴ LSP ƕ˺ǔ Emiss
T Ǜᙲ൭ƢǔئӳᲦSUSY

ቩ܇Ʒឋ᨞ޖǍᢅْߐᆉǛᎋॾƴλǕƳƕǒᲦȈȝȭ

ǸȸƝƱƷኧȢȸȉǛᎋƑƯƍƘŵࢍƍႻʝ˺ဇưဃ

ƞǕƨǹǯǩȸǯ/ǰȫǤȸȎݣƷኧƸᲦƓǋƴ᭗

ƍ್ᢃѣ (pT)ǛਤƭᙐૠƷǸǧȃȈǍȬȗȈȳဃǛ

Emiss
T ƴኵǈӳǘƤǔŵᇹɤɭˊǹǯǩȸǯ (ǹȈȃȗȷ

ǹȜȈȠ) ƸแƷȈȃȗǍȜȈȠǯǩȸǯƴኽӳ

ƠǍƢƍƨǊᲦb ǿǰƞǕƨǸǧȃȈǛᆢಊႎƴဇƢ

ǔŵȁȣȸǸȸȎȷȋȥȸȈȩȪȸȎ (W±/ZᲦȒȃǰ

ǹȜǽȳƷឬݣᆅȑȸȈȊȸƕƶӳǘƞƬƨឋஊ

ཞ७) ǍǹȬȗȈȳƷႺȷ᧓ኧƴƸᲦ(ɶ᧓ཞ७Ʒ

SM ᩓࢊȜǽȳǋԃǊƯ) ƦƷᢅْߐᆉưЈƯƘǔȬȗ

ȈȳǛᙲ൭ƠᲦȐȃǯǰȩǦȳȉƱƷғКǛᘍƏŵEmiss
T

ԡƳݤឋưᧈٻƱƢǔኧƱƠƯᲦࣉƷ̮ӭǛཎٳˌ

ቩ܇ƕ˺ǔ̮ӭᲦƨƱƑƹǷȪǳȳ౨Ј֥ϋƷǨȍȫ

Ǯȸڂ (dE/dx) ǍǫȭȪȡȸǿȷȟȥȸǪȳ౨Ј֥

ưƷᘍ᧓ƳƲǛ̅ƬƨኧƕƋƛǒǕǔŵᧈݤԡᒵ

ᩓቩ܇ (GMSB ǹǿǦǍឋƕᡚƠƨ AMSB ȁȣȸ

ǸȸȎƳƲ) ƕួ౨Ј֥ϋưɶࣱቩ܇ƴْߐƢǔǑƏ

ƳᢅᆉƸᲦួƕෞڂᲦƋǔƍƸ৵ǕƕƬƨǑƏƳ̮

ӭƱƠƯᚇยƞǕǔŵ

2.1 第一世代スクォークとグルイーノ
ǫǹǱȸȉᢅْߐᆉƔǒஹǔᙐૠƷǸǧȃȈƱLSPဌ

ஹƷ Emiss
T Ǜ̅Ƭƨǹǯǩȸǯ (q̃)/ǰȫǤȸȎ (g̃) ኧ

ƸᲦƷᛇኬƴ̔ǒƣ࠼ƍm0−m1/2(ٻወɟǹǱȸȫ

ưƷǹȕǧȫȟǪȳƱǲȸǸȸȎƷឋ) ᪸؏ǛǫȐȸ

Јஹǔ᩼ࠝƴȑȯȕȫƳඥưƋǔŵݣဃƞǕƨ q̃q̃Ღ

q̃g̃Ღg̃g̃ ƕ q̃ → qχ̃
0
1 Ǎ g̃ → qq̄χ̃

0
1 Ơƨኽௐဃơǔْߐ

ǸǧȃȈૠƷࠀǛМဇƠᲦƔƭ Emiss
T Ღmeff(ǸǧȃȈ pT

Ʊ Emiss
T Ʒዌ͌ݣƷዮԧ)ᲦEmiss

T /meff ƳƲƷᢃѣܖႎ

ƢǔǫȃȈǛᙐૠဇॖƢǔƜƱưᲦɤƭƷᢅᆉݣૠƴ٭

Ǜ q̃/g̃/LSP Ʒ࠼ƍឋࠀƴǘƨƬƯǫȐȸƢǔ [18]ŵ
 2(a) ƴ 4 ǸǧȃȈǛᙲ൭ƠƨئӳƷȇȸǿƱʖेƞ

ǕǔᏑʙᝋƷ (meff ƴǫȃȈǛƔƚǔЭƷ)meff Ўࠋ

ǛᅆƢŵȇȸǿƱᏑʙᝋʖेƸ᬴ܱᛚࠀ (DATA/MC
(ƴᅆƞǕǔᑥ˄Ɩ࠘ ƷርϋưɟᐲƢǔƜƱƕЎƔ

ǔŵǸǧȃȈૠƕ 2 Ɣǒ 6 ǇưƷӲئӳƴƭƍƯɟᐲφ

ӳǛᛦǂᲦƦƜƔǒࢽǒǕǔ MSUGRA/CMSSM 

ǁƷСᨂǛ m0 −m1/2 ɥƴᅆƠƨƷƕ᩿ 2(b) ưƋ

ǔŵƜƷƴƸᲦஜᚐௌ (0-lepton, 2-6 jets) Ʒኽௐƴь

ƑƯᲦᙐૠƷǸǧȃȈ+Emiss
T ưᢠКƞǕƨȇȸǿƴȬ

ȗȈȳɟƭǛьƑƨئӳ [19]Ღ7 ஜˌɥƷǸǧȃȈǛᙲ

൭Ơƨئӳ [20]Ღ3 ஜˌɥƷ b ǿǰƞǕƨǸǧȃȈǛᙲ

൭Ơƨئӳ [21] ƳƲᲦƦƷǄƔƷኧኽௐǋӳǘƤƯ

ᅆƠƯƋǔŵƢǂƯƷኽௐǛᎋॾƢǔƱᲦq̃(g̃) ƴݣƠƯ

ኖ 1.7(1.4) TeV ǇưూҲƞǕƯƍǔƜƱƕЎƔǔŵ
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(a) 4 ǸǧȃȈʙᝋƔǒϐನƠƨ meff Ўࠋ (ɦᢿƸȇȸǿƱ
ȐȃǯǰȩǦȳȉʖेƱƷൔ)ŵ
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(b) m0 − m1/2 ưƷ᩿ MSUGRA/CMSSM  (tan β = 30Ღ
A0 = −2m0Ღµ > 0) ƴݣƢǔСᨂ (95%̮᫂ࡇ)ŵ

 2: ATLAS ưƷᙐૠǸǧȃȈ (ᲥȬȗȈȳ) Ქ Emiss
T

ǛဇƍƨǹǯǩȸǯȷǰȫǤȸȎኧƷኽௐŵ

2.2 第三世代スクォーク
Ȓȃǰǹቩ܇ƷឋƴݣƢǔȫȸȗ܇ᙀദƸᲦٻƖ

Ƴื߷ኽӳǛਤƭ SM ȈȃȗǯǩȸǯƔǒƷ݃ɨƕஇǋ

ᆅȈȃȗȑȸȈȊȸݣƖƍŵǋƠឬٻ (ǹȈȃȗᲦt̃) ƕ
ᩓࢊǹǱȸȫᆉࡇƷឋǛਤƬƯƍǕƹᲦƦƷ܇ᙀദ

ƷٻᢿЎƕႻൈƞǕǔŵƜƷ᠉ƍǹȈȃȗƷǷȊȪǪƸᲦ

ൔ᠋ႎ “ƍ”126 GeV ƱƍƏȒȃǰǹឋƷᚇยƔǒ

᧓ႎƴСᨂǛӖƚƯƸƍǔƕᲦ“ᐯ”Ƴ SUSY Ʒ

ኵǈưƸǇƩǇƩႆᙸƷӧᏡࣱƕസƬƯƍǔŵ

ǹȈȃȗƷْߐಮࡸƸƴ̔܍ƢǔƕᲦ (ӫ) ࠇ
ƖȈȃȗǯǩȸǯƷឬݣᆅȑȸȈȊȸ t̃L(t̃R) ƕฆӳƠ

ƯưƖǔஊཞ७ƷƏƪᲦឋƕݱƞƍ૾ (t̃1) Ǜǿȸ

ǲȃȈƱƠƨئӳᲦt̃1 Ʊ χ̃0
1 ƷឋƔǒɼƳْߐȑǿȸ

ȳƕൿǇǔŵt̃1 ƷឋƕٻƖƍئӳ (mt̃1 −mχ̃0
1

> mt)
ƸǄǅ t̃ → tχ̃

0
1 ƱْߐƢǔƨǊᲦt̃ ဃƷኳཞ७Ƹݣ
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2

Ɩǔŵƞǒƴ LSP ƕ˺ǔ Emiss
T Ǜᙲ൭ƢǔئӳᲦSUSY

ቩ܇Ʒឋ᨞ޖǍᢅْߐᆉǛᎋॾƴλǕƳƕǒᲦȈȝȭ

ǸȸƝƱƷኧȢȸȉǛᎋƑƯƍƘŵࢍƍႻʝ˺ဇưဃ

ƞǕƨǹǯǩȸǯ/ǰȫǤȸȎݣƷኧƸᲦƓǋƴ᭗

ƍ್ᢃѣ (pT)ǛਤƭᙐૠƷǸǧȃȈǍȬȗȈȳဃǛ

Emiss
T ƴኵǈӳǘƤǔŵᇹɤɭˊǹǯǩȸǯ (ǹȈȃȗȷ

ǹȜȈȠ) ƸแƷȈȃȗǍȜȈȠǯǩȸǯƴኽӳ

ƠǍƢƍƨǊᲦb ǿǰƞǕƨǸǧȃȈǛᆢಊႎƴဇƢ

ǔŵȁȣȸǸȸȎȷȋȥȸȈȩȪȸȎ (W±/ZᲦȒȃǰ

ǹȜǽȳƷឬݣᆅȑȸȈȊȸƕƶӳǘƞƬƨឋஊ

ཞ७) ǍǹȬȗȈȳƷႺȷ᧓ኧƴƸᲦ(ɶ᧓ཞ७Ʒ

SM ᩓࢊȜǽȳǋԃǊƯ) ƦƷᢅْߐᆉưЈƯƘǔȬȗ

ȈȳǛᙲ൭ƠᲦȐȃǯǰȩǦȳȉƱƷғКǛᘍƏŵEmiss
T

ԡƳݤឋưᧈٻƱƢǔኧƱƠƯᲦࣉƷ̮ӭǛཎٳˌ

ቩ܇ƕ˺ǔ̮ӭᲦƨƱƑƹǷȪǳȳ౨Ј֥ϋƷǨȍȫ

Ǯȸڂ (dE/dx) ǍǫȭȪȡȸǿȷȟȥȸǪȳ౨Ј֥

ưƷᘍ᧓ƳƲǛ̅ƬƨኧƕƋƛǒǕǔŵᧈݤԡᒵ

ᩓቩ܇ (GMSB ǹǿǦǍឋƕᡚƠƨ AMSB ȁȣȸ

ǸȸȎƳƲ) ƕួ౨Ј֥ϋưɶࣱቩ܇ƴْߐƢǔǑƏ

ƳᢅᆉƸᲦួƕෞڂᲦƋǔƍƸ৵ǕƕƬƨǑƏƳ̮

ӭƱƠƯᚇยƞǕǔŵ

2.1 第一世代スクォークとグルイーノ
ǫǹǱȸȉᢅْߐᆉƔǒஹǔᙐૠƷǸǧȃȈƱLSPဌ

ஹƷ Emiss
T Ǜ̅Ƭƨǹǯǩȸǯ (q̃)/ǰȫǤȸȎ (g̃) ኧ

ƸᲦƷᛇኬƴ̔ǒƣ࠼ƍm0−m1/2(ٻወɟǹǱȸȫ

ưƷǹȕǧȫȟǪȳƱǲȸǸȸȎƷឋ) ᪸؏ǛǫȐȸ

Јஹǔ᩼ࠝƴȑȯȕȫƳඥưƋǔŵݣဃƞǕƨ q̃q̃Ღ

q̃g̃Ღg̃g̃ ƕ q̃ → qχ̃
0
1 Ǎ g̃ → qq̄χ̃

0
1 Ơƨኽௐဃơǔْߐ

ǸǧȃȈૠƷࠀǛМဇƠᲦƔƭ Emiss
T Ღmeff(ǸǧȃȈ pT

Ʊ Emiss
T Ʒዌ͌ݣƷዮԧ)ᲦEmiss

T /meff ƳƲƷᢃѣܖႎ

ƢǔǫȃȈǛᙐૠဇॖƢǔƜƱưᲦɤƭƷᢅᆉݣૠƴ٭

Ǜ q̃/g̃/LSP Ʒ࠼ƍឋࠀƴǘƨƬƯǫȐȸƢǔ [18]ŵ
 2(a) ƴ 4 ǸǧȃȈǛᙲ൭ƠƨئӳƷȇȸǿƱʖेƞ

ǕǔᏑʙᝋƷ (meff ƴǫȃȈǛƔƚǔЭƷ)meff Ўࠋ

ǛᅆƢŵȇȸǿƱᏑʙᝋʖेƸ᬴ܱᛚࠀ (DATA/MC
(ƴᅆƞǕǔᑥ˄Ɩ࠘ ƷርϋưɟᐲƢǔƜƱƕЎƔ

ǔŵǸǧȃȈૠƕ 2 Ɣǒ 6 ǇưƷӲئӳƴƭƍƯɟᐲφ

ӳǛᛦǂᲦƦƜƔǒࢽǒǕǔ MSUGRA/CMSSM 

ǁƷСᨂǛ m0 −m1/2 ɥƴᅆƠƨƷƕ᩿ 2(b) ưƋ

ǔŵƜƷƴƸᲦஜᚐௌ (0-lepton, 2-6 jets) Ʒኽௐƴь

ƑƯᲦᙐૠƷǸǧȃȈ+Emiss
T ưᢠКƞǕƨȇȸǿƴȬ

ȗȈȳɟƭǛьƑƨئӳ [19]Ღ7 ஜˌɥƷǸǧȃȈǛᙲ

൭Ơƨئӳ [20]Ღ3 ஜˌɥƷ b ǿǰƞǕƨǸǧȃȈǛᙲ

൭Ơƨئӳ [21] ƳƲᲦƦƷǄƔƷኧኽௐǋӳǘƤƯ

ᅆƠƯƋǔŵƢǂƯƷኽௐǛᎋॾƢǔƱᲦq̃(g̃) ƴݣƠƯ

ኖ 1.7(1.4) TeV ǇưూҲƞǕƯƍǔƜƱƕЎƔǔŵ
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(a) 4 ǸǧȃȈʙᝋƔǒϐನƠƨ meff Ўࠋ (ɦᢿƸȇȸǿƱ
ȐȃǯǰȩǦȳȉʖेƱƷൔ)ŵ
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(b) m0 − m1/2 ưƷ᩿ MSUGRA/CMSSM  (tan β = 30Ღ
A0 = −2m0Ღµ > 0) ƴݣƢǔСᨂ (95%̮᫂ࡇ)ŵ

 2: ATLAS ưƷᙐૠǸǧȃȈ (ᲥȬȗȈȳ) Ქ Emiss
T

ǛဇƍƨǹǯǩȸǯȷǰȫǤȸȎኧƷኽௐŵ

2.2 第三世代スクォーク
Ȓȃǰǹቩ܇ƷឋƴݣƢǔȫȸȗ܇ᙀദƸᲦٻƖ

Ƴื߷ኽӳǛਤƭ SM ȈȃȗǯǩȸǯƔǒƷ݃ɨƕஇǋ

ᆅȈȃȗȑȸȈȊȸݣƖƍŵǋƠឬٻ (ǹȈȃȗᲦt̃) ƕ
ᩓࢊǹǱȸȫᆉࡇƷឋǛਤƬƯƍǕƹᲦƦƷ܇ᙀദ

ƷٻᢿЎƕႻൈƞǕǔŵƜƷ᠉ƍǹȈȃȗƷǷȊȪǪƸᲦ

ൔ᠋ႎ “ƍ”126 GeV ƱƍƏȒȃǰǹឋƷᚇยƔǒ

᧓ႎƴСᨂǛӖƚƯƸƍǔƕᲦ“ᐯ”Ƴ SUSY Ʒ

ኵǈưƸǇƩǇƩႆᙸƷӧᏡࣱƕസƬƯƍǔŵ

ǹȈȃȗƷْߐಮࡸƸƴ̔܍ƢǔƕᲦ (ӫ) ࠇ
ƖȈȃȗǯǩȸǯƷឬݣᆅȑȸȈȊȸ t̃L(t̃R) ƕฆӳƠ

ƯưƖǔஊཞ७ƷƏƪᲦឋƕݱƞƍ૾ (t̃1) Ǜǿȸ

ǲȃȈƱƠƨئӳᲦt̃1 Ʊ χ̃0
1 ƷឋƔǒɼƳْߐȑǿȸ

ȳƕൿǇǔŵt̃1 ƷឋƕٻƖƍئӳ (mt̃1 −mχ̃0
1

> mt)
ƸǄǅ t̃ → tχ̃

0
1 ƱْߐƢǔƨǊᲦt̃ ဃƷኳཞ७Ƹݣ

3

tt̄+Emiss
T ƴƳǔŵƜƷئӳᲦtt̄ → W+bW−b̄ ƷW± Ʒ

ƴࣖơƯᲦall-hadronic(WWْߐ → qq′qq′) Ȣȸȉ [22]
Ʊ semi-leptonic(WW → ℓνqq′) Ȣȸȉ [23] ƷʚƭƷᚐ

ௌưࣖݣƢǔŵ

E
v
e

n
ts
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0
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e
V
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(a) semi-leptonic ᚐௌưƷ Emiss
T Ўࠋ (ɦᢿƸȇȸǿƱȐȃǯ

ǰȩǦȳȉʖेƱƷൔ)ŵ
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ATLAS Preliminary

-1
 = 4.7 fbintL

-1
 = 20 - 21 fbintL

1

0χ∼W b 
-1

 = 20.3 fbintL

1

0χ∼c
-1

 = 20.3 fbintL

Observed limits Expected limits

All limits at 95% CL

 [1203.4171]
-1

CDF 2.6 fb

=8 TeVs
-1

 = 20 - 21 fbintL =7 TeVs
-1

 = 4.7 fbintL

0L CONF-2013-024

1L CONF-2013-037

2L [1403.4853]

2L [1403.4853]

0L mono-jet/c-tag CONF-2013-068

0L [1208.1447]

1L [1208.2590]

2L [1209.4186]

-

-

(b) mt̃1
− mχ̃0

1
؏ưƷూҲ᪸᩿ (95%̮᫂ࡇ)ŵ

 3: ATLASưƷǹǫȩȸȈȃȗǯǩȸǯݣဃƱ t̃ →
tχ̃

0
1, Wbχ̃

0
1, cχ̃

0
1 Ƣǔኧኽௐŵݣƴْߐ

̊ƱƠƯᲦt̃1 Ʊ χ̃0
1 ƕൔ᠋ႎƍئӳƴज़ࡇƷƋǔ

semi-leptonic ȢȸȉưƷᚐௌኽௐ [23] ƷɟᢿǛ 3(a)
ƴᅆƢŵƜƜưƸᲦɟ̾ƷܔᇌȬȗȈȳ (e Ɣ µ) Ʊݲ

ƳƘƱǋ 4 ஜƷ pT > 80-25 GeV ƷǸǧȃȈ (Əƪஇ

˯ɟƭƸ b ǿǰ) Ǜᢠ৸ƠƨɥưᲦEmiss
T > 200 GeVᲦ

Emiss
T /

√
HT > 13 GeV1/2(HT ≡

∑
jet |p

jet
T |)ᲦȬȗȈȳ

Ʊ Emiss
T Ɣǒ൭Ǌƨ್૾Ӽឋ MT > 140 GeVᲦ3-jet

ƷឋƕȈȃȗឋƱჳႽƠƳƍƜƱ (130 < Mjjj <

205 GeV) Ǜᙲ൭Ƣǔŵƞǒƴ, ܇ဃƞǕƨӷɟቩݣ

(ƨƱƑƹ tt̄) ƕƱǋƴᚇยƞǕǔቩ܇ƱƞǕƳƍቩ܇

ƴْߐƠƨئӳƴ, ӲᢅْߐᆉƷ MT Ʊ Emiss
T Ɣǒဃ

ቩ܇ƷឋǛਖ਼ܭưƖǔ MT2 ඥ [24] ǛݰλƢǔŵƦƷ

ɥưᲦt → ℓνb Ʒْߐ ℓν (= W ) Ǜෞڂቩ܇ƱᙸƳƢ

MT2 Ʒ࢟٭ǛဇƍǔƜƱưᲦȬȗȈȳɟƭǛෞڂƢ

ǔ di-leptonic SM tt̄ ȐȃǯǰȩǦȳȉǛᨊӊƢǔŵˌ

ɥƷኽௐࢽǒǕƨ Emiss
T Ўࠋƕ 3(a) ưƋǔŵ

Ӳ̮ӭ᪸؏ưʙᝋƷឬᢅƕᙸǒǕƳƍƜƱƔǒᲦmt̃1−
mχ̃0

1
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2.3 チャージーノとニュートラリーノ
ឋƴƠƯ 1.5 TeV ᆉࡇǇưƷᇹɟɭˊǹǯǩȸǯ

ǍǰȫǤȸȎƕూҲƞǕƨཞඞưᲦ“ƍ”SUSY ǹǱȸ

ȫƷǷȊȪǪƕჇгƴ౨᚛ƞǕƯƍǔŵឋƕૠ TeV
ƔƦǕˌɥƷǹǯǩȸǯǍǰȫǤȸȎƸ࣏ႎƴဃ

ૺ᩿ᆢƕݱƞƘƳǔƨǊᲦᩓᢅࢊᆉưƋǔȁȣȸǸȸȎ

ǍȋȥȸȈȩȪȸȎ (ዮᆅƠƯǲȸǸȸȎƱԠƿ) ƷႺ

ဃኧƕᙲƴƳǔŵྸᛯƴ “ᐯƞ”Ǜ൭ǊǕƹᲦ
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2 →
Zχ̃0

1Ღ3) WhኺဌᲴχ̃±
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ǦǣȸȎݣဃƴݣƢǔኧኽௐŵ

ƜƷቩ܇ƸɶࣱǦǣȸȎƱឋƕᡚƠƯƓǓᲦǽȕȈ

ƳᒵᩓȑǤǪȳǛ્ЈƠƯɶࣱǦǣȸȎƴْߐƢǔƱᎋ
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O(0.1) ȊȎᅺᆉࡇƷൔ᠋ႎჺƍݤԡǛਤƭᒵᩓǦǣȸ

ȎƴݣƢǔ౨ЈјྙǛɥƛǔƨǊᲦȔǯǻȫ౨Ј֥ϋƷ

ȒȃȈऴإǛǋƱƴួƷϐನǛӧᏡƴƢǔཎКƳ

ǢȫǴȪǺȠǛႆƠᲦƦƷǢȫǴȪǺȠưϐನƞ

ǕƨួǛ̅ƬƯʙᝋᢠ৸ǛᘍƏ [31] (ᡫࠝưƸᲦȔǯ
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ȒȃȈऴإǛǋƱƴួƷϐನǛӧᏡƴƢǔཎКƳ

ǢȫǴȪǺȠǛႆƠᲦƦƷǢȫǴȪǺȠưϐನƞ

ǕƨួǛ̅ƬƯʙᝋᢠ৸ǛᘍƏ [31] (ᡫࠝưƸᲦȔǯ

5

ǻȫ౨Ј֥ƱƦƷޖٳƴƋǔǷȪǳȳ౨Ј֥ƷȒȃȈ

Ǉưᙲ൭ƠƨɥưϐನǛᘍƏ)ŵᚐௌưƸᲦួǛ˦

ᧈƠƨέƷ TRT ౨Ј֥ϋƴᙸǒǕǔȒȃȈƕ 5 சư

ƋǔƜƱǛᙲ൭ƠƯᲦχ̃±
1 → χ̃0

1 ƷͅᙀʙᝋǛᢠКْߐ

Ƣǔŵᒵᩓቩ܇ƷួƴݣƠƯƸᲦpT > 15 GeV ưԗ

 (∆R =
√

∆η2 + ∆φ2 < 0.4 Ʒር) ƴ˷ЎƳǨȍȫ

ǮȸǛਤƨƣᲦƔƭ Emiss
T > 90 GeV ưݲƳƘƱǋɟ

ஜƷ initial-state radiation (ISR) ဌஹƷǸǧȃȈ (ʙᝋ

ƷȈȪǬȸƱƠƯဇƍǔ) ǛਤƭƜƱǛᙲ൭ƢǔŵƦƷ

ɥưᲦᢠКƞǕƨួƷ pT Ўࠋ (ƷᄩྙЎࠋ) Ǜ̮ӭ

ƱȐȃǯǰȩǦȳȉƦǕƧǕƴݣƠƯ൭ǊᲦ̮ӭƱɼᙲ

ƳȐȃǯǰȩǦȳȉƷ݃ɨǛȑȩȡȸǿƱƠƯஇݹٻ

ඥưȇȸǿƴȕǣȃȈƠƯᚸ̖ƢǔŵȐȃǯǰȩǦȳࡇ

ȉƷǈǛˎܭƠƨئӳƷȕǣȃȈኽௐǛ 5(a) ƴᲦ̮

ӭૠǁƷСᨂƔǒࢽǒǕƨ mχ̃±
1
− τχ̃±

1
ưƷూҲ᪸᩿

؏Ǜ 5(b) ƴᅆƢŵƜƷኽௐǛ AMSB ưƷྸᛯ

ᚘምƱൔ᠋ƢǔƱᲦmχ̃±
1

< 270 GeV(τχ̃±
1

∼ 0.2 ȊȎ

ᅺᲦ∆mχ̃1 ∼ 160 MeV) Ʒ᪸؏ƕూҲƞǕƨƜƱƴႻ࢘

Ƣǔŵ

3 新物理の兆候を求めて
แǛឭƑǔૼƠƍཋྸƷӧᏡࣱƸᲦǋƪǖǜ

SUSY ƴᨂǒƳƍŵƋǒƨƳǰȭȸȐȫݣᆅࣱǛݰλƠ

ƯแƷᨂမǛឭƑǔᚾǈƸᲦʻǇưƨƘƞǜᘍǘ

ǕƯƖƨŵƦƏƍƬƨಮŷƳਘࢌưݰλƞǕǔݣᆅ

ࣱ (ƷᄊǕ) ƴ˄᨟Ƣǔૼቩ܇ǛᲦ̾ŷƷƷᛇኬƴ

̔ǒƣᲦኳཞ७ȷȈȝȭǸȸșȸǹư࠼ƘኧƢǔƜƱ

ƕஓǇƠƍŵATLASȷCMS ɲ᬴ܱƱǋᲦSUSY Ʒٳˌ

ૼཋྸኧƸƜƷ૾ᤆƷǋƱᡶǊǒǕƯƍǔŵ

3.1 共鳴状態の探索
3.1.1 レプトン対生成

e+e− Ǎµ+µ− ƳƲƷӷᆔȬȗȈȳݣƷɧ٭ឋ (mℓℓ)
ЎࠋƴྵǕǔσᯚཞ७Ʒኧ [32]ƸᲦƍǲȸǸȜǽȳ

Ǎപ˷йഏΨ (RandallᲦSundrumᲦᡫᆅRS [33])
ƴྵǕǔKaluza-KleinǰȩȓȈȳ (GKK) ƳƲƴݣƠƯ

᩼ࠝƴज़ࡇƕ᭗ƍŵZ ȜǽȳឋƔǒɥƷ᪸؏ƴǋƠ

ȔȸǯƕྵǕǕƹᲦƦǕƸૼƠƍཋྸƷଢᄩƳΫͅƴ

ƳǔŵኧƦƷǋƷƸǷȳȗȫưᲦܔᇌƠƨʚƭƷӷ

ᆔȬȗȈȳ (Ee
T > 40-30 GeVᲦpµ

T > 25 GeV) Ǜᙲ൭

ƠᲦƦƷɧ٭ឋЎࠋƴஊॖƳʙᝋƷឬᢅƕƋǔƔƲ

ƏƔǛǔƩƚưƋǔŵȟȥȸǪȳƷᢃѣЎᚐᏡƸ᭗

ƍ pT ưफƘƳǔƨǊ (1 TeV ư ∆pT/pT ∼ 10–25%)Ღ
ȟȥȸǪȳ౨Ј֥ϋƷȒȃȈவˑǛƖƭƘƠƨئӳƱዼ

ǊƨئӳƷȟȥȸǪȳᢠ৸ǛݰλƠᲦmµµ ЎᚐᏡƷӼ

E
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s

-210

-110

1

10

210

310

410

510

610

710
Data 2012

*γZ/

tt
Dijet & W+Jets
Diboson
Z’(1500 GeV)
Z’(2500 GeV)

 PreliminaryATLAS
 ee Search→Z’

-1 L dt = 20 fb∫
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(b) ǸǧȃȈݣƷɧ٭ឋЎࠋ (ɦᢿƸȇȸǿƷወᚘᛚࠀƴݣ
ƢǔȇȸǿƱȕǣȃȈኽௐƷࠀƷஊॖࡇ)ŵ

 6: ȕǧȫȟǪȳݣƴʚ˳ْߐƢǔσᯚཞ७Ʒኧ

ኽௐŵ

ɥƱ౨ЈјྙƷዜਤǛǔŵȐȃǯǰȩǦȳȉƸȉȬȫ

ȤȳဃƷ 2 ȬȗȈȳʙᝋ qq̄ → Z/γ∗ → ℓ+ℓ− ƕɼưᲦ

mℓℓ = 1 TeV ưμ˳Ʒኖ 80-90%ǛҩǊǔŵƜƷȐȃǯ

ǰȩǦȳȉƸᲦ1) NLO ȀǤǢǰȩȠǇưԃǊƨʙᝋǛ

Powheg ưဃƠᲦNNLO અѣ QCD ᚘም (mℓℓ ܍̔

Ʒ NLO Electroweak ᙀദǛԃǉ) ư൭Ǌƨဃૺ᩿ᆢ

ƴᙹ҄ƢǔᲦ2) ƦǕˌٳƷȐȃǯǰȩǦȳȉǋԃǊ

Ư 80 < mℓℓ < 100 GeV ᪸؏ưȇȸǿƴᙹ҄ƢǔᲦƜ

Ʊưᚸ̖Ƣǔŵ 6(a) ƴȇȸǿƷ mee ЎࠋƱȐȃǯǰ

ȩǦȳȉʖेǛᅆƢŵșȳȁȞȸǯƱƠƯᲦSM Z Ȝǽ

ȳƱӷơኽӳǛˎܭƢǔ SSM ưʖेƞǕǔ Z ′ Ȝ

ǽȳ ƱឋƷൔْࠢߐ) Γ/m ∼ 3.1%) Ǜൔ᠋ƷƨǊ

ƴ᠍ƤƯƍǔŵȟȥȸǪȳݣƷئӳǋԃǊƯᲦȇȸǿƴ

ஊॖƳʙᝋƷឬᢅƸᙸǒǕƳƍŵ

21



6

ᘙ 1: 95%̮᫂ࡇưూҲƞǕƨឋ᪸؏ (ᚇย͌)ŵ

/ቩ܇ ూҲ᪸؏ [TeV]
RS KK ǰȩȓȈȳ [1.20, 1.58]
SSM W ′ Ȝǽȳ [1.20, 2.29]
SSM Z ′ Ȝǽȳ [1.20, 1.68]
Excited ǯǩȸǯ [1.20, 3.50]
Axigluon/Coloron [1.20, 3.60], [3.90, 4.08]
Color Octet ǹǫȩȸ [1.20, 2.79]

3.1.2 ジェット対生成

pp ᘔᆳƷ࣎ኒǨȍȫǮȸƕɥƕǔƱᲦ᭗ƍǨȍȫ

ǮȸǛਤƭȑȸȈȳƷᘔᆳ᫁ࡇǋႎƴɥƕǔŵƜ

ƷऍऔǛࢍƘӖƚǔƷƸᲦqg, gg → X ƳƲƷࢍƍႻʝ

˺ဇưဃƞǕǔૼቩ܇ưƋǓᲦƦƷቩ܇Ǜ 2 ǸǧȃȈ

(X → qq̄, qg, gg) Ʒσᯚཞ७ƱƠƯƢƷƸƷᛇኬ

ƴ̔܍ƠƳƍŵᚐௌƸ᭗ƍ pT ƷǸǧȃȈʚஜǛ౨Ј֥

Ʒɶ᪸ځ؏ƴᙲ൭ƠᲦƦƷɧ٭ឋ (mjj) ЎࠋƴྵǕ

ǔȔȸǯǛƢŵCMS ƕ 2012 ƷȕȫȇȸǿǛဇƍ࠰

ƯᘍƬƨኧ [34] ưƸᲦҞࢲ R = 0.5 ưϐನƞǕƨ

ǸǧȃȈƴƦƷᡈͯ (ុᩉư R < 1.1 ˌϋ) ƷǰȫȸǪ

ȳ્ݧƴǑǔǨȍȫǮȸǛьƑƨ wide ǸǧȃȈʚஜǛ

̅ƬƯ mjj ǛϐನƢǔŵƦƷʚஜƷ wide ǸǧȃȈƕ

౨Ј֥ɶځ (|η| < 2.5)Ɣƭ η ૾ӼƴᩉǕƣ (|∆η| < 1.3)
ƴဃƞǕƯƍǔƜƱǛᙲ൭ƠᲦt ȁȣȳȍȫǰȫȸǪ

ȳʩ੭ᢅᆉƔǒƷ QCD ʙᝋǛถǒƢŵȐȃǯǰȩǦȳ

ȉƷmjj ЎࠋƸᲦᨗ܇ƷȑȸȈȳЎࠋ᧙ૠƴЩƬƨኺ᬴

ưȇȸǿƴȕǣȃȈƠƯ൭ǊᲦƍឋ᪸؏ƴஊॖƳࡸ

ʙᝋƷឬᢅƋǔƍƸഎƕƳƍƔൿܭƢǔŵ 6(b) ƴ
ȇȸǿƷ mjj ЎࠋƱȕǣȃȈƷኽௐᲦȇȸǿƷȕǣȃȈ

ƔǒƷƣǕǛᅆƢŵஊॖƳƣǕƸᙸǒǕƳƍƜƱƔǒᲦ

ƍƘƭƔƷૼቩ܇ƴݣƠƯСᨂǛ˄ƚƨኽௐƕᘙ 1
ưƋǔŵATLAS ưǋӷಮƷኧ [35] ƸዒዓႎƴᘍǘǕ

ƯƍǔƕᲦസࣞƳƕǒஊॖƳ̮ӭƸƜƪǒưǋᙸƑƯƍ

Ƴƍŵ

3.1.3 トップ対生成

ƍǯǩȸǯᲦཎƴȈȃȗǯǩȸǯݣ (tt̄) ƴْߐƢǔ

ૼቩ܇ƸƞǇƟǇƳਘࢌưנ܍ƕʖᚕƞǕǔŵૼ

ቩ܇ƷឋƕٻƖƍǄƲȈȃȗǯǩȸǯƸ᭗ƍ pT Ǜਤ

ƪᲦƦƷْߐቩ܇ Wb → (ℓν/qq̄′)b Ƹƍ η-φ ᪸؏ƴ

collimate ƢǔŵƦƷǑƏƳ “ȖȸǹȈ”ƠƯƍǔȈȃȗ

ǯǩȸǯƷӷܭƴƸʻǇưƱƸᢌƏඥƕᙲ൭ƞǕǔŵ

tt̄ ƕ semi-leptonic ƴْߐƢǔئӳᲦཎƴ leptonic Ȉȃ

ȗ (tlep) ƔǒƷȬȗȈȳƕᡈͯƷ b ǸǧȃȈƔǒܔᇌƠᲦ

Ɣƭ collimate Ơƨ hadronic Ȉȃȗ (thad) Ʒ̮ӭɶƴ

E
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Multi-jets W+jets

Other Backgrounds

0 0.5 1 1.5 2 2.5 3 3.5
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m

D
at

a/
B

kg

0.5
1

1.5

0 0.5 1 1.5 2 2.5 3 3.5

(a) ȈȃȗݣƷɧ٭ឋЎࠋ (ɦᢿƸȇȸǿƱȐȃǯǰȩǦȳȉʖे
ƱƷൔ)ŵ

Z’ mass [TeV]
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) 
[p

b]
t t

→
 B

R
(Z

’
×

Z
’

σ

-210
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1
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210

310
2EV������&/�XSSHU�OLPLW
([S������&/�XSSHU�OLPLW

�XQFHUWDLQW\σ([S����
�XQFHUWDLQW\σ([S����

/HSWRSKRELF�=·��/2�[�����

2EV������&/�XSSHU�OLPLW
([S������&/�XSSHU�OLPLW

�XQFHUWDLQW\σ([S����
�XQFHUWDLQW\σ([S����

/HSWRSKRELF�=·��/2�[�����

ATLAS Preliminary

-1 = 14.3 fbGW/∫

 = 8 TeVV

(b) Z′ → tt̄ Ʒဃૺ᩿ᆢƴݣƢǔСᨂ (95%̮᫂ࡇ)ŵ

 7: Ȉȃȗݣƴʚ˳ْߐƢǔσᯚཞ७Ʒኧŵ̮ӭƷ

ƱƠƯᲦZ ′ → tt̄(Γ/m ∼ 3%) Ʊ KK ǰȫȸǪȳ

gKK → tt̄(Γ/m ∼ 15%) ǛेܭƠƯƍǔŵ

qq̄′ Ʊ b ǯǩȸǯဌஹƷǸǧȃȈǛӷܭưƖǔƔƲƏƔ

ƕᙲƴƳǔŵATLAS ưƸᲦȬȗȈȳƷԗƴȬȗȈ

ȳƷ pT ƱƱǋƴኬƘƳǔ η-φ ᪸؏ǛेܭƠᲦƦƷ᪸؏

ϋƴǨȍȫǮȸƕЎࠋƠƯƍƳƍƜƱᲦҞࢲR = 1.0 Ʒ

“fat”ǸǧȃȈƱƠƯϐನƠƨ thad ƔǒᲦgrooming [36]
ƱԠƿඥǛ̅ƬƯ qq̄′bƷǳǢƩƚǛӕǓЈƢᲦƱƍƏ

૾ඥưƜƷբ᫆ƴࣖݣƢǔŵ

 7(a) ƴᅆƢƷƸᲦsemi-leptonic ȢȸȉưƷ tt̄ σᯚ

ኧ [37] ƷኽௐࢽǒǕƨ mtt̄ ЎࠋưƋǔŵƜƷᚐௌư

ƸᲦpT > 25 GeV ƷȬȗȈȳ (ℓ = e, µ) Ʊ Emiss
T Ǜਤ

ƭʙᝋǛᲦR = 0.4 Ʒ “narrow”ǸǧȃȈǛݲƳƘƱǋɤ

ஜਤƭǿǤȗ (ȈȃȗƕȖȸǹȈƠƯƍƳƍئӳ) Ʊ fat
ǸǧȃȈ (pT > 300 GeV) Ʊ narrowǸǧȃȈǛݲƳƘƱ

ǋɟஜƣƭਤƭǿǤȗ (ȖȸǹȈƠƯƍǔئӳ) ƴЎƚ

ǔŵtt̄ ǷǹȆȠƷϐನƸᲦЭᎍưƸǷȟȥȬȸǷȧȳ

Ɣǒ൭Ǌƨ mWhad Ǎ mthadᲦmtlep Ʒ͌רƱแ͞ࠀ

Ǜ̅ƬƯᚘምƠƨ χ2 ͌ƕஇݱƴƳǔǑƏƳኵǈӳǘƤ
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ᘙ 1: 95%̮᫂ࡇưూҲƞǕƨឋ᪸؏ (ᚇย͌)ŵ

/ቩ܇ ూҲ᪸؏ [TeV]
RS KK ǰȩȓȈȳ [1.20, 1.58]
SSM W ′ Ȝǽȳ [1.20, 2.29]
SSM Z ′ Ȝǽȳ [1.20, 1.68]
Excited ǯǩȸǯ [1.20, 3.50]
Axigluon/Coloron [1.20, 3.60], [3.90, 4.08]
Color Octet ǹǫȩȸ [1.20, 2.79]

3.1.2 ジェット対生成

pp ᘔᆳƷ࣎ኒǨȍȫǮȸƕɥƕǔƱᲦ᭗ƍǨȍȫ

ǮȸǛਤƭȑȸȈȳƷᘔᆳ᫁ࡇǋႎƴɥƕǔŵƜ

ƷऍऔǛࢍƘӖƚǔƷƸᲦqg, gg → X ƳƲƷࢍƍႻʝ

˺ဇưဃƞǕǔૼቩ܇ưƋǓᲦƦƷቩ܇Ǜ 2 ǸǧȃȈ

(X → qq̄, qg, gg) Ʒσᯚཞ७ƱƠƯƢƷƸƷᛇኬ

ƴ̔܍ƠƳƍŵᚐௌƸ᭗ƍ pT ƷǸǧȃȈʚஜǛ౨Ј֥

Ʒɶ᪸ځ؏ƴᙲ൭ƠᲦƦƷɧ٭ឋ (mjj) ЎࠋƴྵǕ

ǔȔȸǯǛƢŵCMS ƕ 2012 ƷȕȫȇȸǿǛဇƍ࠰

ƯᘍƬƨኧ [34] ưƸᲦҞࢲ R = 0.5 ưϐನƞǕƨ

ǸǧȃȈƴƦƷᡈͯ (ុᩉư R < 1.1 ˌϋ) ƷǰȫȸǪ

ȳ્ݧƴǑǔǨȍȫǮȸǛьƑƨ wide ǸǧȃȈʚஜǛ

̅ƬƯ mjj ǛϐನƢǔŵƦƷʚஜƷ wide ǸǧȃȈƕ

౨Ј֥ɶځ (|η| < 2.5)Ɣƭ η ૾ӼƴᩉǕƣ (|∆η| < 1.3)
ƴဃƞǕƯƍǔƜƱǛᙲ൭ƠᲦt ȁȣȳȍȫǰȫȸǪ

ȳʩ੭ᢅᆉƔǒƷ QCD ʙᝋǛถǒƢŵȐȃǯǰȩǦȳ

ȉƷmjj ЎࠋƸᲦᨗ܇ƷȑȸȈȳЎࠋ᧙ૠƴЩƬƨኺ᬴

ưȇȸǿƴȕǣȃȈƠƯ൭ǊᲦƍឋ᪸؏ƴஊॖƳࡸ

ʙᝋƷឬᢅƋǔƍƸഎƕƳƍƔൿܭƢǔŵ 6(b) ƴ
ȇȸǿƷ mjj ЎࠋƱȕǣȃȈƷኽௐᲦȇȸǿƷȕǣȃȈ

ƔǒƷƣǕǛᅆƢŵஊॖƳƣǕƸᙸǒǕƳƍƜƱƔǒᲦ

ƍƘƭƔƷૼቩ܇ƴݣƠƯСᨂǛ˄ƚƨኽௐƕᘙ 1
ưƋǔŵATLAS ưǋӷಮƷኧ [35] ƸዒዓႎƴᘍǘǕ

ƯƍǔƕᲦസࣞƳƕǒஊॖƳ̮ӭƸƜƪǒưǋᙸƑƯƍ

Ƴƍŵ

3.1.3 トップ対生成

ƍǯǩȸǯᲦཎƴȈȃȗǯǩȸǯݣ (tt̄) ƴْߐƢǔ

ૼቩ܇ƸƞǇƟǇƳਘࢌưנ܍ƕʖᚕƞǕǔŵૼ

ቩ܇ƷឋƕٻƖƍǄƲȈȃȗǯǩȸǯƸ᭗ƍ pT Ǜਤ

ƪᲦƦƷْߐቩ܇ Wb → (ℓν/qq̄′)b Ƹƍ η-φ ᪸؏ƴ

collimate ƢǔŵƦƷǑƏƳ “ȖȸǹȈ”ƠƯƍǔȈȃȗ

ǯǩȸǯƷӷܭƴƸʻǇưƱƸᢌƏඥƕᙲ൭ƞǕǔŵ

tt̄ ƕ semi-leptonic ƴْߐƢǔئӳᲦཎƴ leptonic Ȉȃ

ȗ (tlep) ƔǒƷȬȗȈȳƕᡈͯƷ b ǸǧȃȈƔǒܔᇌƠᲦ

Ɣƭ collimate Ơƨ hadronic Ȉȃȗ (thad) Ʒ̮ӭɶƴ
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 = 8 TeVV

(b) Z′ → tt̄ Ʒဃૺ᩿ᆢƴݣƢǔСᨂ (95%̮᫂ࡇ)ŵ

 7: Ȉȃȗݣƴʚ˳ْߐƢǔσᯚཞ७Ʒኧŵ̮ӭƷ

ƱƠƯᲦZ ′ → tt̄(Γ/m ∼ 3%) Ʊ KK ǰȫȸǪȳ

gKK → tt̄(Γ/m ∼ 15%) ǛेܭƠƯƍǔŵ

qq̄′ Ʊ b ǯǩȸǯဌஹƷǸǧȃȈǛӷܭưƖǔƔƲƏƔ

ƕᙲƴƳǔŵATLAS ưƸᲦȬȗȈȳƷԗƴȬȗȈ

ȳƷ pT ƱƱǋƴኬƘƳǔ η-φ ᪸؏ǛेܭƠᲦƦƷ᪸؏

ϋƴǨȍȫǮȸƕЎࠋƠƯƍƳƍƜƱᲦҞࢲR = 1.0 Ʒ

“fat”ǸǧȃȈƱƠƯϐನƠƨ thad ƔǒᲦgrooming [36]
ƱԠƿඥǛ̅ƬƯ qq̄′bƷǳǢƩƚǛӕǓЈƢᲦƱƍƏ

૾ඥưƜƷբ᫆ƴࣖݣƢǔŵ

 7(a) ƴᅆƢƷƸᲦsemi-leptonic ȢȸȉưƷ tt̄ σᯚ

ኧ [37] ƷኽௐࢽǒǕƨ mtt̄ ЎࠋưƋǔŵƜƷᚐௌư

ƸᲦpT > 25 GeV ƷȬȗȈȳ (ℓ = e, µ) Ʊ Emiss
T Ǜਤ

ƭʙᝋǛᲦR = 0.4 Ʒ “narrow”ǸǧȃȈǛݲƳƘƱǋɤ

ஜਤƭǿǤȗ (ȈȃȗƕȖȸǹȈƠƯƍƳƍئӳ) Ʊ fat
ǸǧȃȈ (pT > 300 GeV) Ʊ narrowǸǧȃȈǛݲƳƘƱ

ǋɟஜƣƭਤƭǿǤȗ (ȖȸǹȈƠƯƍǔئӳ) ƴЎƚ

ǔŵtt̄ ǷǹȆȠƷϐನƸᲦЭᎍưƸǷȟȥȬȸǷȧȳ

Ɣǒ൭Ǌƨ mWhad Ǎ mthadᲦmtlep Ʒ͌רƱแ͞ࠀ

Ǜ̅ƬƯᚘምƠƨ χ2 ͌ƕஇݱƴƳǔǑƏƳኵǈӳǘƤ

7

ǛӕǔŵȈȃȗƕȖȸǹȈƠƯƍǔئӳƸᲦgroomingࢸ
Ʒ qq̄′b ǳǢƴݣƠƯឋƕ > 100 GeVᲦkt splitting ǹ

Ǳȸȫ (2ǵȖǸǧȃȈನᡯǛਤƭƱٻƖƘƳǔǑƏƳ)
ƕ

√
d12 > 40 GeV ƷவˑǛᛢƠƯ thad ǸǧȃȈǛӷܭ

ƢǔŵࢽǒǕƨ thad Ǜ ℓ+Emiss
T +narrow ǸǧȃȈƔǒ

ϐನƞǕǔ tlep ƱኵǈӳǘƢƜƱư mtt̄ ƕࢽǒǕǔŵ

ȇȸǿƱȐȃǯǰȩǦȳȉƸƜƜưǋኒወᛚࠀ ɶƷ)

ዡੑƚƷ࠘) ƷርưǑƘɟᐲƠƯƓǓᲦƦƷኽௐƔǒ

ȈȃȗǫȩȸƷ Z ′ ቩ܇ƴݣƠƯᲦmZ′ < 1.8 TeV
ƷឋСᨂƕࢽǒǕǔŵ( 7(b))ŵ

3.2 Mono-X探索
ƖƳ˷йഏΨٻ (Arkani-HamedᲦDimopoulosᲦ

DvaliᲦᡫᆅ ADD [38]) ưנ܍ƕࢳƞǕǔǰȩȓȈȳ

ƕ pp ᘔᆳưႺဃƞǕƨئӳᲦǸǧȃȈƱӒ૾ݣӼ

ƴЈǔEmiss
T ƱƠƯᚇยƞǕǔŵƜƏƠƨ “mono-Ǹǧȃ

Ȉ”̮ӭƸ ADD ˷йഏΨƩƚưƳƘᲦଢ଼᱅ཋឋͅᙀư

Ƌǔ WIMP(χ) ƕ LHC ưဃӧᏡƳឋ᪸؏ƴƋǔئ

ӳᲦƦƷݣဃ pp → χχ̄ + X ̮ӭƴݣƠƯǋज़ࡇǛਤ

ƭŵƜƷƱƖᲦX Ǜ ISR ဌஹƷǸǧȃȈǛ̅ƬƯǿǰƢ

Ǖƹ mono-ǸǧȃȈ̮ӭƱƳǔŵ

࣎ኒǨȍȫǮȸ 8 TeV ưƷ ATLAS Ʒ mono-Ǹǧȃ

Ȉኧ [39]ƸᲦpjet
T > 120 GeVƷǸǧȃȈɟஜƱEmiss

T >

120 GeVǛਤƭȇȸǿƔǒǹǿȸȈƠƯᲦpjet
T ƱEmiss

T ƴ

ƠƯׄെ᨞ƷǫȃȈݣ (120-500 GeV)Ǜᙲ൭Ƣǔŵ̮ӭ

ʙᝋưƸ ISR/FSRƔǒ˷ЎƳǰȫȸǪȳǸǧȃȈƕ˺ǒ

ǕǔӧᏡࣱƕƋǔƨǊᲦpT > 30 GeVƷǸǧȃȈǛஇٻʚ

ஜǇưᚩܾƢǔŵW± → ℓ±ν+ǸǧȃȈƳƲƷ݃ɨǛถǒ

ƢƨǊᲦȇȸǿɶƴϐನƞǕƨȬȗȈȳƕנ܍ƠƳƍ

ƜƱǛᙲ൭ƠᲦƔƭǸǧȃȈƴݣƠƯ tightƳqualityǫȃ

ȈǛƔƚǔƜƱưǫȭȪȡȸǿȎǤǺǍLHCƷȓȸȠȏ

ȭȸᲦܬܢዴឪเƷȐȃǯǰȩǦȳȉǛᓳƱƢŵ 8(a)
ƴᅆƢƷƸᲦpjet

T > 220 GeVᲦEmiss
T > 220 GeV Ǜᙲ൭

ƠƨࢸƷ Emiss
T ЎࠋưƋǔŵȐȃǯǰȩǦȳȉƸ Z →

νν̄+ǸǧȃȈƕμ˳Ʒኖ 60-70%ᲦW± → τ±ν+ǸǧȃȈ

ƕ 10-20%ǛҩǊᲦmulti-jet ȐȃǯǰȩǦȳȉƸ Emiss
T

ƕ∼ 200 GeVǛឭƑǔ᪸؏ưƸᙻưƖǔǄƲݱƞƍŵ

Z → νν̄+ǸǧȃȈƳƲƷᩓᢅࢊᆉƔǒƷ݃ɨƸᲦȬȗȈ

ȳǛԃǉʙᝋǛ̅ƬƯȇȸǿƱMCʖेƷൔ (ǹǱȸȫ׆

ƞǕǔMCƷʙᝋૠƴࢳǛ൭ǊᲦƦǕǛ̮ӭ᪸؏ư(܇

ੑƚӳǘƤǔƜƱưᚸ̖ƢǔŵȇȸǿƴஊॖƳʙᝋƷឬ

ᢅƸᙸǒǕƣᲦƦƷኽௐƔǒ 4+nഏΨ (n = 2, 3, 4, 5, 6)
ưƷȗȩȳǯǹǱȸȫ MD ƴݣƠƯᲦleading-order ư
MD > 3.88, 3.16, 2.84, 2.65, 2.58 TeV Ʒɦᨂ͌ƕࢽǒǕ

ƨŵCMS ƷӷಮƷᚐௌ [40] ưƸᲦ8 TeVᲦ19.5 fb−1 Ʒ

ȇȸǿǛ̅ƬƯMD > 5.10, 3.94, 3.44, 3.10, 2.94 TeVƕ

ǒǕƯƍǔŵࢽ
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(a) pT > 220 GeV ƷǸǧȃȈǛᙲ൭ƠƨࢸƷ Emiss
T Ўࠋ (ɦᢿƸ

ȇȸǿƱȐȃǯǰȩǦȳȉʖेƱƷൔ)ŵ

(b) WIMPଢ଼᱅ཋឋƷဃૺ᩿ᆢƴݣƢǔСᨂ (90%̮᫂ࡇ)ŵׄ ᚌ
ƱɤᚌƷໜƸ 8 TeV mono-W/Z ኧ [41] ƷኽௐŵD5(u=d):obs
ƷƢƙɦ () Ʊ D9:obs ƷƢƙɥ (ӫ) ƴƋǔዴƕ 7 TeV mono-
ǸǧȃȈኧ [42] Ʒኽௐŵ

 8: Mono-X ኧƷኽௐŵ(b) ưƸ mono-ǸǧȃȈƱ

mono-W/Z ƷኽௐǛଢ଼᱅ཋឋƷႺኧ᬴ܱƱൔ᠋Ơ

Ưƍǔŵ

Mono-ǸǧȃȈኧƷኽௐǛ WIMP ଢ଼᱅ཋឋƴݣƢ

ǔСᨂƴƖႺƢئӳᲦƍɶ᧓ቩ܇ǛʼƠƯ WIMP-
SM ቩ܇᧓ƷႻʝ˺ဇƕឪƜǔƱेܭƠᲦƦǕǛஊјئ

ƷྸᛯǛ̅ƬƯ҄ࡸܭƢǔƜƱƕٶƍŵႻʝ˺ဇƴƸ

ǹǫȩȸᲦșǯȈȫƳƲƷီƳǔǪȚȬȸǿǛݰ

λƠƯᲦƦƷΨư WIMP Ʊఋ܇ƷӒࣖૺ᩿ᆢƴݣƢǔ

СᨂǛ൭Ǌǔŵ 8(b) ƴᅆƢƷƸᲦ࣎ኒǨȍȫǮȸ

7 TeVưƷmono-ǸǧȃȈኧ [39]Ʊ 8 TeVưƷmono-
W/Z ኧ [41] ƷኽௐƔǒࢽǒǕƨ WIMP-ఋ܇᧓Ʒ

Ӓࣖૺ᩿ᆢƴݣƢǔСᨂưƋǔŵmono-W/Z ኧƸᲦ

pp → χχ̄ + W±/Z(→ qq̄′) Ӓࣖư᭗ƍᢃѣǛਤƬƯ

ဃƞǕƨ W±/Z ȜǽȳǛҞࢲ R = 1.2 ƷǸǧȃȈư

ϐನƢǔŵƦƷɥưᲦǸǧȃȈɶƷʚ˳ْߐƷཎࣉǛ

Ψƴ Z → νν̄+ǸǧȃȈƳƲƷȐȃǯǰȩǦȳȉǛᨊӊ

ƢǔŵƔǒЎƔǔᡫǓᲦឋ 10 GeV ˌɦᆉࡇƷ᠉ƍ

WIMP ƴݣƠƯƸᲦmono-ǸǧȃȈኧƴǑƬƯႺ

ኧ᬴ܱǑǓӈƠƍСᨂƕࢽǒǕǔŵșǯȈȫႻʝ˺ဇ

23
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 9: ≥ 6 ǸǧȃȈᲦ≥ 4b ǸǧȃȈ᪸؏ưƷ HT Ўࠋ (ɦ
ᢿƸȇȸǿƱȐȃǯǰȩǦȳȉʖेƱƷൔ)ŵ

(D5) ǛˎܭƠƨئӳᲦup Ʊ down ǯǩȸǯኽӳƷ

ᇷӭƕӒݣƷƱƖƴဃơǔദƷฏјௐƴǑƬƯᲦW

Ȝǽȳ્ݧƷ᫁ࡇƕ᫋ᓸƴɥƕǔӧᏡࣱƕƋǔŵƜƷئ

ӳᲦmono-W ኧƸ 3 ఐǄƲӈƠƍǹȔȳ᩿᩼̔ૺ܍

ᆢƷСᨂǛɨƑǔƜƱƕЎƔǔŵ

3.3 Vector-likeトップクォークの探索
แưƸǯǩȸǯƱȬȗȈȳƸɤƭƷɭˊƴЎ

ƞǕǔŵǫǤȩȪȆǣǛਤƭȊǤȸȖƳᇹׄɭˊƷ

ǯǩȸǯƸᲦแƱჳႽƠƳƍȒȃǰǹቩ܇Ʒႆᙸ

ƴǑǓǄǅూҲƞǕƯƍǔŵƨƩƠᲦǫǤȩȪȆǣǛғ

КƠƳƍ vector-like Ƴǯǩȸǯ (VLQ) ƸᲦȒȃǰǹೞ

ನƱƸឋྒࢽƷȡǫȋǺȠƕီƳǔƨǊȒȃǰǹቩ܇

ยܭƔǒƷСᨂƸӖƚƳƍŵǇƨᲦ“ȈȃȗȑȸȈȊȸ”
ƱƠƯƷ VLQ(t′) ƸᲦȒȃǰǹឋǁƷ SM ȈȃȗƔ

ǒƷ܇ᙀദǛႻൈƢǔƜƱƕưƖǔƱƍƏໜưᲦ“ᐯ
”Ƴ BSM ǷȊȪǪƷನᙲእƱƠƯදႸƞǕƯƍǔŵ

Vector-like t′ ǯǩȸǯƸƓǋƴ WbᲦZtᲦHt ƴْߐ

ƢǔƕᲦƦƷْߐЎޟൔ (BR) Ƹ t′ ƷឋƱࢊǢǤǽ

ǹȔȳƴ̔܍Ƣǔŵƴ̔܍ƠƳƍኧǛӧᏡƴƢ

ǔƨǊᲦݣဃƠƨ t′ ƷƏƪݲƳƘƱǋɟƭƕЎޟൔ

100%ư Wb [43]ᲦZt [44]ᲦHt [45] ƴْߐƠƨئӳƴஇ

ᢘ҄ƠƨᚐௌǛƦǕƧǕဇॖƢǔŵƦƷᨥᲦӲᚐௌư̅ǘ

ǕǔȇȸǿƸƓʝƍƴᙐƠƳƍǑƏʙᝋᢠ৸ǛᘍƏŵ

ƦƷɥưӲᚐௌኽௐǛኵǈӳǘƤǔƜƱưᲦBR(t′ →
Wb) − BR(t′ → Ht) ƘǫȐȸƢǔŵ࠼Ǜ᩿ࠢ

ƜƜưƸɟ̊ƱƠƯᲦt′t̄′ → Ht+X(H → bb̄) ƴஇᢘ

҄Ơƨኧ [45] ǛኰʼƢǔŵƜƷْߐƴཎࣉႎƳ̮ӭ
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 10: 600 GeV vector-like t′ ǯǩȸǯƴݣƢǔСᨂ

(್᠆Ƹ BR(t′ → Wb)Ღጏ᠆Ƹ BR(t′ → Ht))ŵҾໜƸ

BR(t′ → Zt) = 100% ƴࣖݣŵᑥƷᢌƏ᪸؏ƸီƳǔ

ኧȢȸȉƴࣖݣƠƯƍǔŵ

ƸᲦᙐૠƷǸǧȃȈ (இ˯ρஜ) ƱᙐૠƷ b ǸǧȃȈ (இ
˯ʚஜ) ưƋǔŵཎƴׄஜˌɥƷ b ǸǧȃȈǛᙲ൭Ơƨ

ӳᲦHtئ + X ̮ӭƴݣƢǔज़ࡇƸஇǋ᭗ƘƳǔŵݲƳ

ƘƱǋɟƭƷȈȃȗƕ semi-leptonic ƴْߐƠƨئӳǛ

ᎋƑᲦpT > 25 GeV ƷܔᇌȬȗȈȳᲦEmiss
T > 20 GeVᲦ

இ˯ρஜƷ pT > 25 GeV ǸǧȃȈǛᙲ൭ƢǔŵƦƷࢸᲦ

ȇȸǿǛ bǸǧȃȈƕʚஜᲦɤஜᲦׄஜˌɥƷ 3ᡫǓƴЎ

ƚᲦHT (≡ |plepton
T |+Emiss

T +
∑

|pjet
T |)ЎࠋǛ̅ƬƯ̮ӭ

ǛƢŵƦƷᨥᲦ≥ 4b ǸǧȃȈ᪸؏Ʒ tt̄ +ǸǧȃȈȐȃ

ǯǰȩǦȳȉ (Alpgen MC ưᚸ̖) ƷɧࣱܭǛ৮Ƒǔ

ƨǊᲦtt̄ + light-flavor (u, d, s, g) ǸǧȃȈƱ tt̄+ heavy-
flavor (bb̄, cc̄) ǸǧȃȈƦǕƧǕƷʙᝋૠǛȑȩȡȸǿƱ

ƠƯᲦbǸǧȃȈૠƕʚᲦɤᲦׄஜˌɥƷǵȳȗȫƴӷ

ȕǣȃȈƠƯ MC ƷǹǱȸȫ܇׆ǛൿܭƢǔŵ̮ӭƔǒ

Ʒ݃ɨƕMCƷǹǱȸȫ܇׆ƴλƬƯƍƳƍƜƱǛ̬ᚰ

ƢǔƨǊᲦ̮ӭƷ݃ɨƕݲƳƍ HT < 700 GeV ᪸؏ư

ƷȕǣȃȈኽௐƱჳႽƳƜƱǛᄩᛐƢǔŵ≥ 4b Ǹǧȃ

Ȉ᪸؏Ʒ HT Ўࠋ (ǹǱȸȫ܇׆ưᙀദƞǕƨࢸƷ tt̄+
ǸǧȃȈǛԃǉ) Ƹ 9 ƴᅆƞǕƯƍǔŵ

 10 ƴᅆƢƷƸᲦ600 GeV Ʒ vector-like t′ ǯǩȸ

ǯǛˎܭƠƨƱƖƴࢽǒǕǔ BR(t′ → Wb) − BR(t′ →
Ht) ưƷూҲ᪸؏ưƋǔŵᑥƷຜƍ᪸؏ƔǒƴᲦ᩿

Ht + X [45]ᲦZt + X [44]ᲦWb + X [43] Ʒኧኽௐƴ

Ǜ̅ƬƨኧݣƠƯƍǔŵӷᇷӭȬȗȈȳࣖݣ [46](ᑥ
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ᢿƸȇȸǿƱȐȃǯǰȩǦȳȉʖेƱƷൔ)ŵ

(D5) ǛˎܭƠƨئӳᲦup Ʊ down ǯǩȸǯኽӳƷ

ᇷӭƕӒݣƷƱƖƴဃơǔദƷฏјௐƴǑƬƯᲦW

Ȝǽȳ્ݧƷ᫁ࡇƕ᫋ᓸƴɥƕǔӧᏡࣱƕƋǔŵƜƷئ

ӳᲦmono-W ኧƸ 3 ఐǄƲӈƠƍǹȔȳ᩿᩼̔ૺ܍

ᆢƷСᨂǛɨƑǔƜƱƕЎƔǔŵ

3.3 Vector-likeトップクォークの探索
แưƸǯǩȸǯƱȬȗȈȳƸɤƭƷɭˊƴЎ

ƞǕǔŵǫǤȩȪȆǣǛਤƭȊǤȸȖƳᇹׄɭˊƷ

ǯǩȸǯƸᲦแƱჳႽƠƳƍȒȃǰǹቩ܇Ʒႆᙸ

ƴǑǓǄǅూҲƞǕƯƍǔŵƨƩƠᲦǫǤȩȪȆǣǛғ

КƠƳƍ vector-like Ƴǯǩȸǯ (VLQ) ƸᲦȒȃǰǹೞ

ನƱƸឋྒࢽƷȡǫȋǺȠƕီƳǔƨǊȒȃǰǹቩ܇

ยܭƔǒƷСᨂƸӖƚƳƍŵǇƨᲦ“ȈȃȗȑȸȈȊȸ”
ƱƠƯƷ VLQ(t′) ƸᲦȒȃǰǹឋǁƷ SM ȈȃȗƔ

ǒƷ܇ᙀദǛႻൈƢǔƜƱƕưƖǔƱƍƏໜưᲦ“ᐯ
”Ƴ BSM ǷȊȪǪƷನᙲእƱƠƯදႸƞǕƯƍǔŵ

Vector-like t′ ǯǩȸǯƸƓǋƴ WbᲦZtᲦHt ƴْߐ

ƢǔƕᲦƦƷْߐЎޟൔ (BR) Ƹ t′ ƷឋƱࢊǢǤǽ

ǹȔȳƴ̔܍Ƣǔŵƴ̔܍ƠƳƍኧǛӧᏡƴƢ

ǔƨǊᲦݣဃƠƨ t′ ƷƏƪݲƳƘƱǋɟƭƕЎޟൔ

100%ư Wb [43]ᲦZt [44]ᲦHt [45] ƴْߐƠƨئӳƴஇ

ᢘ҄ƠƨᚐௌǛƦǕƧǕဇॖƢǔŵƦƷᨥᲦӲᚐௌư̅ǘ

ǕǔȇȸǿƸƓʝƍƴᙐƠƳƍǑƏʙᝋᢠ৸ǛᘍƏŵ

ƦƷɥưӲᚐௌኽௐǛኵǈӳǘƤǔƜƱưᲦBR(t′ →
Wb) − BR(t′ → Ht) ƘǫȐȸƢǔŵ࠼Ǜ᩿ࠢ

ƜƜưƸɟ̊ƱƠƯᲦt′t̄′ → Ht+X(H → bb̄) ƴஇᢘ

҄Ơƨኧ [45] ǛኰʼƢǔŵƜƷْߐƴཎࣉႎƳ̮ӭ

ATLAS �0'+*,*-#05
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 10: 600 GeV vector-like t′ ǯǩȸǯƴݣƢǔСᨂ

(್᠆Ƹ BR(t′ → Wb)Ღጏ᠆Ƹ BR(t′ → Ht))ŵҾໜƸ

BR(t′ → Zt) = 100% ƴࣖݣŵᑥƷᢌƏ᪸؏ƸီƳǔ

ኧȢȸȉƴࣖݣƠƯƍǔŵ

ƸᲦᙐૠƷǸǧȃȈ (இ˯ρஜ) ƱᙐૠƷ b ǸǧȃȈ (இ
˯ʚஜ) ưƋǔŵཎƴׄஜˌɥƷ b ǸǧȃȈǛᙲ൭Ơƨ

ӳᲦHtئ + X ̮ӭƴݣƢǔज़ࡇƸஇǋ᭗ƘƳǔŵݲƳ

ƘƱǋɟƭƷȈȃȗƕ semi-leptonic ƴْߐƠƨئӳǛ

ᎋƑᲦpT > 25 GeV ƷܔᇌȬȗȈȳᲦEmiss
T > 20 GeVᲦ

இ˯ρஜƷ pT > 25 GeV ǸǧȃȈǛᙲ൭ƢǔŵƦƷࢸᲦ

ȇȸǿǛ bǸǧȃȈƕʚஜᲦɤஜᲦׄஜˌɥƷ 3ᡫǓƴЎ

ƚᲦHT (≡ |plepton
T |+Emiss

T +
∑

|pjet
T |)ЎࠋǛ̅ƬƯ̮ӭ

ǛƢŵƦƷᨥᲦ≥ 4b ǸǧȃȈ᪸؏Ʒ tt̄ +ǸǧȃȈȐȃ

ǯǰȩǦȳȉ (Alpgen MC ưᚸ̖) ƷɧࣱܭǛ৮Ƒǔ

ƨǊᲦtt̄ + light-flavor (u, d, s, g) ǸǧȃȈƱ tt̄+ heavy-
flavor (bb̄, cc̄) ǸǧȃȈƦǕƧǕƷʙᝋૠǛȑȩȡȸǿƱ

ƠƯᲦbǸǧȃȈૠƕʚᲦɤᲦׄஜˌɥƷǵȳȗȫƴӷ

ȕǣȃȈƠƯ MC ƷǹǱȸȫ܇׆ǛൿܭƢǔŵ̮ӭƔǒ

Ʒ݃ɨƕMCƷǹǱȸȫ܇׆ƴλƬƯƍƳƍƜƱǛ̬ᚰ

ƢǔƨǊᲦ̮ӭƷ݃ɨƕݲƳƍ HT < 700 GeV ᪸؏ư

ƷȕǣȃȈኽௐƱჳႽƳƜƱǛᄩᛐƢǔŵ≥ 4b Ǹǧȃ

Ȉ᪸؏Ʒ HT Ўࠋ (ǹǱȸȫ܇׆ưᙀദƞǕƨࢸƷ tt̄+
ǸǧȃȈǛԃǉ) Ƹ 9 ƴᅆƞǕƯƍǔŵ

 10 ƴᅆƢƷƸᲦ600 GeV Ʒ vector-like t′ ǯǩȸ

ǯǛˎܭƠƨƱƖƴࢽǒǕǔ BR(t′ → Wb) − BR(t′ →
Ht) ưƷూҲ᪸؏ưƋǔŵᑥƷຜƍ᪸؏ƔǒƴᲦ᩿

Ht + X [45]ᲦZt + X [44]ᲦWb + X [43] Ʒኧኽௐƴ

Ǜ̅ƬƨኧݣƠƯƍǔŵӷᇷӭȬȗȈȳࣖݣ [46](ᑥ

9

ᘙ 2: Run 1 ưూҲƞǕƨឋ᪸؏ƱᲦ14 TeVᲦ300 fb−1 ưႆᙸӧᏡƳឋɥᨂ͌Ʒʖेŵ

 ቩ܇ ኳཞ७ ూҲ᪸؏ [TeV] ɥᨂ͌Ʒʖे [TeV]
MSUGRA/CMSSM q̃, g̃ ᙐૠǸǧȃȈ (+ ≥ 1ℓ) < 1.1 ∼ 1.7 ∼ 2.7 (mq̃ = mg̃) [48]
t̃1t̃1, t̃1 → tχ̃

0
1/bχ̃

±
1 t̃1 1-2b ǸǧȃȈ (+ ≥ 1ℓ) [0.15, 0.66] ∼ 1.0 (mχ̃0

1
= 0) [49]

χ̃±
1 χ̃0

2 → W χ̃0
1Zχ̃0

1 χ̃±
1 , χ̃0

2 2-3 e, µ < 0.42 ∼ 0.5-0.7 (WZ, mχ̃0
1

= 0) [49,50]
SSM Z ′ Ȝǽȳ Z ′ ee, µµ < 2.86 ∼ 5.0 [51]
SSM W ′ Ȝǽȳ W ′ qq̄ [1.20, 2.29] ∼ 4.0 [52]
Ȑȫǯ RS ˷йഏΨ gKK tt̄ [0.5, 2.0] ∼ 4.0 [53]
Vector-like ǯǩȸǯ t′ Wb, Ht, Zt < 0.67 ∼ 0.79 ∼ 1.3 [54]

Ʒஇǋᕓƍ᪸؏) ǋԃǊᲦӲኧȢȸȉƸႻᙀႎƴೞᏡ

ƠᲦBR ƴ᧙ǘǒƣ 600 GeV Ʒ t′ ǛǄǅూҲƠƯƍǔ

ƜƱƕЎƔǔŵ

4 今後に向けて
ஜᆜưƸᲦឬݣᆅࣱྸᛯǍ˷йഏΨƳƲƔǒ

ኒǨȍȫǮȸ࣎ƴໜǛƬƯᲦ܇ƞǕǔૼƠƍቩࢳ

7-8 TeV ưƷኧኽௐƴƭƍƯኰʼƠƨŵᘙ 2 ƴƍƘƭ

ƔƷቩ܇ƴݣƢǔྵנƷƓƓǑƦƷឋɦᨂ͌ǛǇƱǊ

ǔŵǹǯǩȸǯǍǰȫǤȸȎƳƲƸӈƠƍСᨂƕƭƍƯ

ƍǔɟ૾ᲦǲȸǸȸȎƴݣƠƯƸǇƩǇƩСᨂǋዼƘᲦ

ኧǋƜǕƔǒஜ҄ƢǔƱᚕƬƯǑƍŵ˷йഏΨ

ƔǒᅆՐƞǕǔKKǰȩȓȈȳǍǰȫȸǪȳƳƲƷƍ

ૼቩ܇ƸᲦLEP ƳƲưƷᩓࢊች݅ยܭƔǒ 2 ∼ 3 TeV
ˌɦƷឋ᪸؏ƴƋǔӧᏡࣱƸƋǇǓ᭗ƘƳƍŵƜƏ

ƍƬƨƜƱǛᎋƑǔƱᲦǘǕǘǕƸႆᙸӧᏡƳ᪸؏ƴǑ

ƏǍƘឱǛ៊ǈλǕƭƭƋǔᲦƱƍƑǔƔǋƠǕƳƍŵ

LHC ƸᲦ࣎ኒǨȍȫǮȸ 13 TeV ưƷ Run 2 ᆙ

ƴӼƚƯᲦ2015 ǊǔڼИ᪽ƔǒǳȟȃǷȧȋȳǰǛ࠰

ʖܭ [47] ưƋǔŵྵנƷƱƜǖᲦ2015 ବƔǒȐȳȁ࠰

᧓ᨠ 50 ȊȎᅺưჺ᧓ (ȇȸǿư < 1 fb−1 ᆉࡇ) ᆙ
ƠƨࢸᲦ25 ȊȎᅺ᧓ᨠưƷȐȳȁᘔᆳƴᆆᘍƢǔᚘ

ဒưƋǔŵᛦƴᆆᘍƕᡶǜƩئӳᲦ2015 ᨥƷٰ࠰

˟ᜭǇưƴƞǒƴ 1 ∼ 2 fb−1 Ⴛ࢘ƷȇȸǿƕࢽǒǕǔ

ƱʖेƞǕƯƍǔŵƜƷ Run 2 ИƷȇȸǿᚐௌƴӼ

ƚƯᲦATLAS ϋưǋϋᢿួ౨Ј֥ƷࢍفᲦ᭗ᡮួ

ȈȪǬȸƷႆᲦȈȪǬȸႸƷોᑣƳƲแͳƕბŷƱ

ᡶǜưƍǔŵƪƳǈƴᲦƜǕǒƷႆƴǋ ATLAS ଐஜ

ǰȫȸȗƕɶ࣎ႎƳࢫлǛௐƨƠƯƍǔŵ

LHC ƷᚘဒưƸᲦRun 2 ƕ 2018 ɶ᪭Ǉưዓƍƨ࠰

ҞǄƲƷǷȣȃȈȀǦȳǛኺƯ࠰Ღɟࢸ Run 3 ƕڼǇǔ

ʖܭưƋǔŵƜƷ Run ǛԃǊƯᲦᆢЎȫȟȎǷȆǣƕ

ኖ 300 fb−1 ƴПᢋƠƨئӳƴࢳƞǕǔቩ܇Ʒႆᙸज़

Ǜᘙࡇ 2 ƴᅆƢŵᘔᆳǨȍȫǮȸƱȫȟȎǷȆǣƷٻف

ƷऍऔƸٻƖƘᲦྵנǇưƷឋɦᨂ͌Ɣǒႎƴज़

ƕɥƕǔƜƱƕЎƔǔƱ࣬ƏŵǇƞƴȆȩǹǱȸȫƷࡇ

ཋྸǛႺႆᙸưƖǔዌڤƷȁȣȳǹưƋǔŵƜƷႆᙸ

ӧᏡࣱǛྵܱƷǋƷƱƢǔǂƘᲦATLAS ଐஜǰȫȸȗ

ɟɺƱƳƬƯᥘॖѐщɶưƋǔŵ
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