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1 ͡Ίʹ

LHC  2010͔Β 2012·Ͱͷ Run1 ͓ʹؒظ

͍ͯɼώοάεཻࢠͷൃݟͱ͍͏େ͖ͳՌΛಘͨ [1]ɻ

ͦͷޙ 2ͷγϟοτμϯؒظ (Long Shutdown1ɼ

LS1)ΛͯܦɼLHC ཅࢠিಥͷॏ৺ܥΤωϧΪʔΛ 8

TeV ͔Β 13 TeV ʹେ্͖ͤ͘͞ɼ͍Α͍Α 2015

4݄͔ΒӡసΛ࠶։ͨ͠ɻ

ճಛूͱͯ͠ɼRun2ࠓ ॳͱͳΔ 2015ͷϥϯ

ͷঢ়گͱATLAS࣮ݧͰऔಘ͞Εͨσʔλղੳͷݱঢ়ʹ

͍ͭͯ 3 ͭͷࣄهͰใ͢ࠂΔɻཧղੳ݁Ռʹ͍ͭͯ

࣍ͷ 2 ͭͷࣄهͰհ͢Δ͜ͱͱ͠ɼ͜͜Ͱ·ͣ

Run2 ʹ͓͚Δ LHC Ճثͱ ATLAS ʹঢ়ݱͷثग़ݕ

͍ͭͯड़Δɻ

2 LHCՃث

LHC (Large Hadron Collider) εΠεɾδϡωʔϒ

߫֎ͷ CERNʹݐઃ͞Εͨɼੈ ք࠷େɼߴ࠷ΤωϧΪʔ

ͷཅࢠཅࢠিಥܕՃثͰ͋Δɻप 27 km ͷϦϯά

͕Լ 100 m ͷτϯωϧʹઃஔ͞Ε͓ͯΓɼઃ্ܭͷ

ΤωϧΪʔܥେॏ৺࠷ (
√
s)  14 TeV ʹͳΔɻ

LHC Ͱӡస։࢝ޙͷ 2008 9݄ɼಋ࣓ੴ

ͷ݁߹෦ʹ͓͚ΔଓෆྑʹΑΓྫྷ٫༻ϔϦϜͷྲྀ

ग़ނࣄ [2, 3]͕͋ͬͨͨΊɼຊ֨తͳิमΛ͏ߦ·Ͱ

ϏʔϜΤωϧΪʔΛԼ͛ͯӡసΛ͜͏ߦͱʹͨ͠ɻ2010

ͱ 2011
√
s = 7 TeV Ͱͷ࣮ݧΛ͍ߦɼ2012

ʹ
√
s = 8 TeV ·ͰΤωϧΪʔΛ্͛ͨɻ

ͦͷޙͷ LS1ؒظͰɼಋઢࡐͷվमͱิڧɼ

Ͱɼ2015্ͨͬߦଌఆͳͲΛ߅ 4݄ʹ LHC  Run2

ͱͯ͠ՔಇΛ࠶։ͨ͠ɻͦͷޙ 2ϲ݄ͷίϛογϣχϯ

άΛͯܦɼ6݄ 3ʹॳΊͯॏ৺ܥΤωϧΪʔ 13 TeV

ͷཅࢠিಥʹޭͨ͠ɻͦͷ͔ޙΒ·Ͱͷؒظʹ

গͣͭ͠ೖࣹόϯνΛ૿Ճͤ͞ɼ࠷ऴతʹόϯν

2244 όϯνɼϐʔΫϧϛϊγςΟ 5× 1033 cm−2s−1

ʹୡ͠ɼఏੵͨ͠ڙϧϛϊγςΟ 4 fb−1 Λ͑ͨɻ

ਤ 1: 2015 4݄ 7ʹ͓͚Δ LHCͷ֤ηΫλʔͷԹ

ɻ4݄ 3ʹશηΫλʔͰྫྷͨྃ͠٫͕ [4]ɻ

͜ͷΑ͏ʹɼLHC࠶Քಇޙͷେ͖ͳҰาΛ౿Έग़

͕ͨ͠ɼ2015 தͷ LHC Ճثͷӡసޮɼ༷ʑ

ͳࠔʹΑΓ༧ఆ௨Γʹ্͕Βͳ͔ͬͨɻҎԼͰί

ϛογϣχϯάΛؚΊͨӡసͷܦҢΛड़ɼൃ͞ݟΕͨ

ͦΕͧΕͷʹ͍ͭͯઆ໌͢Δɻ·ͨࡏݱͷঢ়گʹͭ

͍ͯใ͢ࠂΔɻ

2.1 ಋ࣓ੴͷτϨʔχϯάΫΤϯν

ਤ 1ͷΑ͏ʹɼLHC  8ͭͷηΫλʔʹ͔Ε͓ͯ

Γɼͦ ΕͧΕͷηΫλʔͷڥքʹݕग़͕ثஔ͔Ε͍ͯΔɻ

ྫ͑ ATLAS ΔͷϙΠϯτ͕͋ثग़ݕ 1ɼCMS ݕ

ग़ثͪΐ͏ͲϦϯάͷରଆͷϙΠϯτ 5 Ͱ͋Δɻ֤

ηΫλʔ྆ͷϙΠϯτ൪߸Λ༻͍ͯɼηΫλʔ 12ɼ

ηΫλʔ 67ͳͲͱݺশ͢Δɻ

ϏʔϜΛ͛ۂΔͨΊͷ࣓ిۃੴΛӡసঢ়ଶʹ͢Δʹ

ɼಋঢ়ଶʹ͢ΔͨΊͷྫྷ٫ͱ࣓ʹඞཁͳిྲྀ͕

ྲྀΕΔ͔Ͳ͏͔ͷύϫʔςετ͕ඞཁͰ͋ΔɻҰͷࢼ

Ͱͦͷిྲྀʹ౸ୡͰ͖ΔΘ͚Ͱͳ͘ɼ͋Δిྲྀྔߦ

ʹ͢Δͱి࣓ੴԿΒ͔ͷݪҼͰΫΤϯνΛ͜͠ىɼ

259



2

ਤ 2: LHCͷ֤ηΫλʔͰ 6.5 TeV ϏʔϜʹඞཁͳి

ྲྀ (ઢ)ʹ͢Δ·ͰͷΫΤϯνճɻηΫλʔ 45Ͱ

 50ճͷτϨʔχϯάΛඞཁͱͨ͠ [4]ɻ

ಋঢ়ଶ͕ഁΕΔɻిྲྀ͕อޢճ࿏Λ௨ͯ͠ಀ͛Δࡍ

ʹൃͯ͠Թগ্͠ঢ͢ΔͷͰɼ࠶ྫྷ٫Λͯͬߦ

ిྲྀΛྲྀ͢ςετΛ܁Γฦ͢ɻͦ͏͢ΔͱɼલճΑΓ

ΫΤϯν͕͜ىΔిྲྀྔ͕͘ߴͳΔɻ͜ͷΑ͏ͳݱΛ

τϨʔχϯάͱݺͼɼLHC Ͱجຊతʹ 7 TeV ϏʔϜ

ʹඞཁͳిྲྀྔ (11.85 kAɼ8.3 T)·Ͱ্ͰτϨʔχ

ϯάΛ͓ͯྃ͘͠ɻ

ΈΔͱɼτϨʔχϯάͯ࢝͠ԼͰςετΛ։ʹࡍ࣮

͜͠ىଟͷΫΤϯνΛ࠶ͣͷ࣓ੴ͕ͨྃ͠

ͨ ɻಛʹηΫλʔ(ΕΔ͞ݱԱΛࣦ͏ɼͱදه) 45Ͱɼ

6.5 TeVͷిྲྀʹ͢Δ·Ͱʹ༧Λେ͖͑͘Δ 50

ճͷΫΤϯνΛඞཁͱͨ͠ɻ1ΫΤϯν͕͜ىΔͱ࠶

ྫྷ٫ʹ Ͳ͔͔Δɻ·ͨηΫλʔ΄ؒ࣌8 34ͱ 78ͷ

ճ࿏ʹ͓͍ͯͯͬޡάϥϯυʹಋ௨͍ͯ͠ΔՕॴ͕ൃ

ΕΔͳͲͨͨ͠ΊɼͦͷमཧɼνΣοΫͳͲΛؚΊ͞ݟ

ͯɼίϛογϣχϯάʹ 1ϲ݄༨ʹ͔͔͕ؒ࣌Δ

͜ͱͱͳͬͨ 1ɻ

2.2 2015ϥϯ

LHCͷऀڀݚɼٕज़ऀΠʔελʔٳՋΛฦ্ͯ͠

ऴతʹ࠷ΛਐΊɼۀ࡞ 4݄ 5ʹ 450 GeVɼ4݄ 10

ʹ 6.5 TeVͷϏʔϜपճ (1ຊͣͭ)ʹޭͨ͠ɻ

ͦͷޙ 2ϲ݄ͷؒϏʔϜͷίϛογϣχϯάΛܧ

ଓ͠ɼ6݄ 3ɼ͍ͭʹ LHC࠷ॳͷ 13 TeVཅࢠཅ

ͷ͜ʹڞฃͱڵিಥʹޭͨ͠ɻզʑશһ͕େ͖ͳࢠ

”first stable beam” Λܴ͑ͨ (ਤ 3)ɻ͜͜Ͱ LHCҰ

ͭͷઅΛܴ͕͑ͨɼͪΖΜͨͩিಥ͕͚ͩͨͬ͜ى

Ͱཧ݁ՌಘΒΕͳ͍ͷͰɼҾ͖ଓ͖ LHCً

ଓͨ͠ɻܧΛۀ࡞ʹͷͨΊ্

7݄ 14ʹɼ50 nsͷόϯνִؒͰ 2015ͷ࠷େ

ͱͳΔ 476όϯνͷೖࣹ͕ߦΘΕɼ͜ͷͱ͖ͷॠؒϧϛ

ϊγςΟʔ 1.6× 1033 cm−2s−1 Ͱ͋ͬͨɻ

17 TeV ʹ͢Δʹ͞ΒʹଟͷΫΤϯν͕͜ىΔ (͔͜͜Βͷ
ޯ͕ͳ·Δ) ͱ༧͞Ε͍ͯΔͷͰɼ͜ͷτϨʔχϯάؒظΛ͍͔
ʹ͘͢Δ͔ޙࠓͷ՝Ͱ͋Δɻ

ਤ 3: 13 TeV ཅࢠিಥʹޭͨ͠ॠؒͷ LHC ίϯτ

ϩʔϧϧʔϜͷ༷ࢠ [5]ɻ

Mean Number of Interactions per Crossing
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ਤ 4: 50 ns ͱ 25 ns όϯνִؒͦΕͧΕͷϥϯʹ͓͚

ΔฏۉύΠϧΞοϓͷ [6]ɻ

8݄͔ΒLHC࣍ͷஈ֊ͱਐΜͩɻ50 ns͔Β 25 ns

όϯνִؒͷҠߦͰ͋Δɻ50 nsִؒɼͭ·Γͷ

όϯνͰ࠷େݶͷϧϛϊγςΟʔΛಘΑ͏ͱ͢Δͱɼ

Ͳ͏ͯ͠ 1 όϯνʹ٧ΊΔཅࢠͷΛଟ͘͢Δඞཁ

͕͋Δɻ͔ͦ͠͠ͷ߹ɼ1όϯν͕ަࠩͨ͠ͱ͖ʹى

͜Δಉ࣌িಥ (ύΠϧΞοϓ)͕૿େ͠ɼڵຯͷ͋Δ

ཧࣄ͕ͨͬ͜ىϋʔυͳԠʹରͯ͠ेͷιϑ

τͳԠ͔Βͷد༩͕ͦ͜ʹՃΘͬͯ͠·͏ɻͱ͍͏Θ

͚Ͱɼ25 nsͰͷ࣮ݧͦΕࣗମͰཧଌఆͷײΛ্

͛Δ͜ͱʹͳΔɻਤ 4 ATLASݕग़ثͰଌఆ͞Εͨɼ

50 ns ͱ 25 ns ͦΕͧΕͷόϯνִؒϥϯͰͷύΠϧ

ΞοϓͰ͋Δɻޙड़ͷΑ͏ʹ 25 ns ͷํ͕ϧϛϊγ

ςΟʔ͕͍ߴʹ͔͔ΘΒͣɼύΠϧΞοϓ͘

͑ΒΕ͍ͯΔ͜ͱ͕Θ͔Δɻ

ҎԼͰड़Δ৭ʑͳʹಥ͖ͨΓͳ͕ΒɼLHC

ண࣮ʹόϯνΛ૿͠ɼ࠷ऴతʹ૯όϯν 2244

ͰͷӡసΛͨͬߦɻ·ͨ͜ͷͱ͖ͷॠؒϧϛϊγςΟʔ

 5× 1033 cm−2s−1 Ͱ͋ͬͨɻ
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3

ਤ 5: LHCͰൃ͞ݟΕͨਖͷ֦େࣸਅ [7]ɻ

2.3 2015ʹͨͬ͜ىͱޙࠓͷରࡦ

ҎԼͰɼRun2։ޙ࢝·ͨ։࢝લͷίϛογϣχ

ϯά࣌ʹൃ֮ͨ͠Ճثӡసʹ͓͚Δॾʹ͍ͭͯઆ

໌͢Δɻ

2.3.1 UFO

13 TeVͰͷϏʔϜিಥ͕͔ͨͬͭݟʹ͙ͯͬ͢·࢝

ͷҰ͕ͭ Unidentified Falling Objects (UFOs) Ͱ

͋Δ [7]ɻLHCϏʔϜγʔϧυ্෦͔Βਖ (ਤ 5)ͷΑ

͏ͳͷ͕ϏʔϜதʹམ͖ͪͯͯɼͦΕ͕ϏʔϜͱඇ

ੑিಥΛ͜͠ىɼ݁Ռͱͯ͠ཅిՙΛͨͬ࣋ UFO͕͞

ΒʹϏʔϜʹ͔ΕΔɼͱ͍͏ݱ͕͍ͯͬ͜ىΔ͜ͱ

͕Θ͔ͬͨɻUFO ͱϏʔϜ͕িಥ͍ͯ͠Δؒٸʹ

ϏʔϜ͕ࣦΘΕɼͦΕ͕ϏʔϜϩεϞχλʔͰݕ͞Ε

ΔͱϏʔϜμϯϒ͕͜ىΔɻ·ͨࢄཚཻͨ͠ࢠʹΑͬͯ

ΫΤϯνҾ͖͜͞ىΕͯ͠·͏ɻ

͜Εʹ͍ͭͯಛʹ༗ޮͳର͕ࡦଧ͓ͯͯΒͣɼ࣮ݧ

ॳܭʹظ 17ճͷϏʔϜμϯϓͱ 2ճͷಋ࣓ੴͷΫ

ΤϯνΛҾ͖ͨ͜͠ىɻ͔͠͠ɼ࣮ݧ։࠷ʹ࣌࢝େͰ 1

ʹؒ࣌ ͞Ε͍ͯͨUFOݕݸ40 25 nsΛܧଓͨ͠

ͷํͷϥϯͰޙ࠷ গͨ͠ͷͰɼ2016ݮఔ·Ͱݸ10

͜ͷ··ܦաΛݟकΔ༧ఆͰ͋Δɻ

2.3.2 ULO

UFOͱผͷϏʔϜதʹଘ͢ࡏΔʮԿ͔ʯ͕ Run2ͷ

ϏʔϜίϛογϣχϯάதʹൃ͞ݟΕͨɻ͜ ΕΛ Uniden-

tified Lying Object (ULO) [8]ͱݺͼɼ͜Εಉ࣮͘͡
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25 ns & electron cloud

Beam screen

25 ns Typical e– densities1010–1012 m–3
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ද 1: 2012ͱ 2015Ͱͷ LHC ͷੑߴ࠷ͷൺֱɻ

σβΠϯ࣌ͷಉ͍ͯ͠ࡌهʹ࣌Δɻ

ύϥϝʔλ 2012 2015 (ઃܭ)

ϏʔϜΤωϧΪʔ [TeV] 4 6.5 7

όϯνִؒ [ns] 50 25 25

β∗ [m] 0.60 0.80 0.55

ཅࢠ/όϯν [1011] 1.6 1.15 1.15

Τϛολϯε [µm] 2.5 3.5 3.75

૯όϯν 1374 2244 2808

িಥόϯν 1368 2232 2808

ॠؒϧϛϊγςΟʔ

ɹ [1034 cm−2s−1] > 0.7 ∼ 0.5 1.0

ύΠϧΞοϓ 35 15 30

ੵΤωϧΪʔ [MJ] 140 270 362

2.3.5 TDI

લஈͷ SPS Ճ͔ثΒ LHC ͷཅࢠͷΠϯδΣΫ

γϣϯΛࡍ͏ߦɼΩοΧʔ͕ਖ਼ৗʹಈ͠࡞ͳ͍ͳͲͷ

߹ʹඋ͑ͯೖࣹϏʔϜΛड͚ࢭΊΔׂΛՌͨ͢ͷ͕

Injection Protection Device (ϑϥϯε໊ޠͷ಄จ͔ࣈ

Β TDI) Ͱ͋Δ [10]ɻ͜ΕԽϗૉͷϒϩοΫͰ͋

Γɼ͍ߴಋͱ͍ுΛ͕ͭ࣋ɼ450 ◦CҎ্

ͷԹʹ͑ΒΕͣɼೖࣹόϯνͷઃݶܭքͰ͋

Δ 288όϯνΛԾʹ͜ΕͰड͚ͱΊΔͱɼ͜ͷԹΛ

͑ͯ͠·͏ɼͱ͍͏͕͋ͬͨɻ͜ͷͨΊ 2015த

ʹೖࣹόϯνΛ࠷େ 144ʹͯ͠ӡసΛߦΘ͟ΔΛ͑ͳ

͔ͬͨɻ·ͨɼΞτΨεʹΑΓ TDI ͷਅۭ͕ѱԽ͠ɼ

·ͨ͜ΕʹΑͬͯ scrubbing ͷޮԼͯ͠͠·͏ɻ

͜ͷͨΊɼTDI ʹ͍ͭͯ 2015-2016ͷ࣮ࢭٳݧ

ΘΕͨɻ͜Εߦ͕άϥϑΝΠτͷͷͱͷަʹؒظ

Ͱ 2016ϥϯͰ 288 όϯνೖࣹʹΑΔ࠷େ 2800ό

ϯνͰͷিಥ࣮͑ߦ͕ݧΔ͜ͱʹͳΔɻ

2.4 ϧϛϊγςΟ

Ҏ্ͷΑ͏ͳ 2015ʹ͓͚Δ LHCͷঢ়گΛ;·͑

ͯɼՃثͷੑΛ Run1 ͱൺֱͯ͠Έ͍ͨɻӡసύ

ϥϝʔλΛද ɻLHCϏʔϜΤωϧΪʔͷͨͤࡌʹ1

ͱ্ 25 ns όϯνִؒͰͷӡసΛՌ͕ͨͨ͠ɼϧϛϊ

γςΟʔʹؔΘΔύϥϝʔλʹ͍ͭͯ·ͩ࠷దԽ͕ਐ

ΜͰ͍ͳ͍͜ͱ͕Θ͔ΔɻಛʹϏʔϜͷ͞ํͷύϥ

ϝʔλͰ͋Δ β∗ʹ͍ͭͯɼϧϛϊγςΟʔ͕ͦͷٯ

ʹൺྫ͢ΔͷͰॏཁͰ͋Δɻ͔͠͠ɼ2015தʹ

ॾͷղܾΛ༏ઌͨͨ͠Ίɼ༧ఆ͍ͯͨ͠ 60 cm·

ͰͷվળΛ͜͏ߦͱ͕Ͱ͖ͳ͔ͬͨɻ2016ʹ͜Ε

4
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The main reasons for the 
lower  value:
- Start-up delays (~ 4 weeks),

- Availability issues: 
radiation failures on the 
quench protection tunnel 
electronics;  solved after TS2

- Electron clouds mitigation 

2015 LHC Integrated Luminosity 
�The initial projections of integrated luminosity for 
2015 were ~ 8-10 fb-1.

Achieved ~ 4.3 fb-1

� Slope at the end of the run better than in 2011, 
and close to 2012 slope

(last week of operation > 1 fb-1)

ਤ 7: Run1ͱ Run2ͰͷੵϧϛϊγςΟʔͷൺֱ [4]ɻ

Λ 40 cm·ͰԼ͛ɼ2ഒͷϧϛϊγςΟʔͰͷϥϯΛ

ɻ͍ͯ͘͠ࢦ

ਤ 7ɼؒʹ LHC͕ఏੵͨ͠ڙϧϛϊγςΟʔ

ͷൺֱͰ͋ΔɻτʔλϧͰ 2011ʹٴͳ͍͕ɼ

ͰΤωϧΪʔޙࢭٳͷظ 13 TeVɼ͔ͭॳͷ 25 ns

ϥϯɼ͞Βʹ༷ʑͳʹରॲ͠ͳ͕ΒͷӡసͰ͋Δ͜

ͱΛ͑ߟΔͱɼΉ͠Ζ͘ڻ͖ੑΛग़ͨ͠ͱ͑ݴΔͩ

Ζ͏ɻLHC ϝϯόʔͷؤுΓʹ͍ͨ͠ँײɻ

3 ATLASݕग़ث

ATLAS LHCͷিಥͷ 1ͭʹઃஔ͞Εͨ൚༻ݕ

ग़ثͰ͋Γɼͦͷݐઃͱӡసʹຊͷ͕ؔػڀݚଟ͘ࢀ

Ճ͍ͯ͠Δɻਤ 8ʹ ATLASݕग़ثͷશମਤΛͨͤࡌɻ

ଆ͔Βॱʹɼ෦ඈݕग़ثɼΧϩϦϝʔλɼϛϡʔ

Φϯݕग़ثͰߏ͞Ε͍ͯΔɻ֤෦ͷৄࡉʹ͍ͭͯ

 [11]Λ͝ࢀর͖͍ͨɻ

3.1 گͷӡసঢ়ثग़ݕ

͔͜͜Β ALTAS࣮ݧͷ 2015ͷঢ়گʹ͍ͭͯड़

͍ͯ͘ɻATLAS Ͱ LS1ؒظதɼॳظෆྑͳͲʹର͢

ΔނোՕॴͷमཧΛਫ਼ྗతʹͨͬߦɻͦͷ݁Ռɼνϟϯ

2008 JINST 3 S08003

Figure 1.1: Cut-away view of the ATLAS detector. The dimensions of the detector are 25 m in
height and 44 m in length. The overall weight of the detector is approximately 7000 tonnes.

The ATLAS detector is nominally forward-backward symmetric with respect to the interac-
tion point. The magnet configuration comprises a thin superconducting solenoid surrounding the
inner-detector cavity, and three large superconducting toroids (one barrel and two end-caps) ar-
ranged with an eight-fold azimuthal symmetry around the calorimeters. This fundamental choice
has driven the design of the rest of the detector.

The inner detector is immersed in a 2 T solenoidal field. Pattern recognition, momentum
and vertex measurements, and electron identification are achieved with a combination of discrete,
high-resolution semiconductor pixel and strip detectors in the inner part of the tracking volume,
and straw-tube tracking detectors with the capability to generate and detect transition radiation in
its outer part.

High granularity liquid-argon (LAr) electromagnetic sampling calorimeters, with excellent
performance in terms of energy and position resolution, cover the pseudorapidity range |η | < 3.2.
The hadronic calorimetry in the range |η |< 1.7 is provided by a scintillator-tile calorimeter, which
is separated into a large barrel and two smaller extended barrel cylinders, one on either side of
the central barrel. In the end-caps (|η | > 1.5), LAr technology is also used for the hadronic
calorimeters, matching the outer |η | limits of end-cap electromagnetic calorimeters. The LAr
forward calorimeters provide both electromagnetic and hadronic energy measurements, and extend
the pseudorapidity coverage to |η | = 4.9.

The calorimeter is surrounded by the muon spectrometer. The air-core toroid system, with a
long barrel and two inserted end-cap magnets, generates strong bending power in a large volume
within a light and open structure. Multiple-scattering effects are thereby minimised, and excellent
muon momentum resolution is achieved with three layers of high precision tracking chambers.

– 4 –
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Figure 1.1: Cut-away view of the ATLAS detector. The dimensions of the detector are 25 m in
height and 44 m in length. The overall weight of the detector is approximately 7000 tonnes.

The ATLAS detector is nominally forward-backward symmetric with respect to the interac-
tion point. The magnet configuration comprises a thin superconducting solenoid surrounding the
inner-detector cavity, and three large superconducting toroids (one barrel and two end-caps) ar-
ranged with an eight-fold azimuthal symmetry around the calorimeters. This fundamental choice
has driven the design of the rest of the detector.

The inner detector is immersed in a 2 T solenoidal field. Pattern recognition, momentum
and vertex measurements, and electron identification are achieved with a combination of discrete,
high-resolution semiconductor pixel and strip detectors in the inner part of the tracking volume,
and straw-tube tracking detectors with the capability to generate and detect transition radiation in
its outer part.

High granularity liquid-argon (LAr) electromagnetic sampling calorimeters, with excellent
performance in terms of energy and position resolution, cover the pseudorapidity range |η | < 3.2.
The hadronic calorimetry in the range |η |< 1.7 is provided by a scintillator-tile calorimeter, which
is separated into a large barrel and two smaller extended barrel cylinders, one on either side of
the central barrel. In the end-caps (|η | > 1.5), LAr technology is also used for the hadronic
calorimeters, matching the outer |η | limits of end-cap electromagnetic calorimeters. The LAr
forward calorimeters provide both electromagnetic and hadronic energy measurements, and extend
the pseudorapidity coverage to |η | = 4.9.

The calorimeter is surrounded by the muon spectrometer. The air-core toroid system, with a
long barrel and two inserted end-cap magnets, generates strong bending power in a large volume
within a light and open structure. Multiple-scattering effects are thereby minimised, and excellent
muon momentum resolution is achieved with three layers of high precision tracking chambers.
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ਤ 9: ॳͷ࠷ 13 TeV িಥࣄͷΠϕϯτσΟεϓϨ

Π [12]ɻ

ωϧͱͯ͠ͷ 2015ϥϯʹ͓͚Δݕग़ثͷՔಇׂ߹

ɼ࠷ѱ͍෦Ͱ 97%ͱඇৗʹ͔ͨͬߴɻ

-͋ͬͨͷͷɼAT͍͔ࡉͯ͠ࡍʹՔಇ࠶ثग़ݕ

LASݕग़ثશମͱͯ͠ͳ͘࠷ॳͷϏʔϜিಥΛ

ܴ͑Δ͜ͱ͕Ͱ͖ͨɻਤ 9ɼ࠷ॳͷఆৗϥϯ͕͋ͬͨ

2015 6݄ 3ʹಘΒΕͨࣄͷҰͭͰ͋Δɻ

·ͨϏʔϜӡసதʹ͓͚Δσʔλऔಘޮ 92%

Ͱɼਤ 10ͷΑ͏ʹ LHC ͷఏͨ͠ڙ 4.2 fb−1 ʹରͯ͠

3.9 fb−1Λཅࢠཅࢠিಥσʔλͱͯ͠อଘͨ͠ɻ2012

ʹ͜ͷ͕ࣈ 93.5%Ͱ͋ͬͨ͜ͱΛ͑ߟΔͱɼRun2

ͱͯ͠σʔλऔಘΛ࠶։͙ͯ͢͠ͷࣈͱͯ͠ѱ͘ͳ

͍ͱ͑ݴΔɻ͔͠͠͞ޙࠓΒʹϧϛϊγςΟʔ্͕͕ͬ

ͨ߹ʹσʔλऔಘγεςϜͱͯ͠ͷՔಇΛ͘ߴอ

ͭ͜ͱେ͖ͳνϟϨϯδͰ͋Δɻ͞Βʹ͜ͷ 3.9 fb−1

Δσʔ͑ʹΛ֬ೝ͠ɼཧղੳگͷঢ়ثग़ݕ͍ͯͭʹ

λͱͯ͠࠷ऴతʹͨͬͷ 3.2 fb−1Ͱ͋ͬͨɻ͜ͷͱ

͖ʹɼޙड़͢Δ IBL ͷͳͲͰσʔλΫΦϦςΟʔ

͕Լ͕ͬͯ͠·ͬͨɻ͜Εʹ͍ͭͯདྷͷϥϯͰ

ͷ՝Ͱ͋Δɻ

3.2 Run2 ʹ͓͚ΔΞοϓάϨʔυ

ATLAS Ͱ LS1 ɼτϦΨʔɼιϑτثग़ݕʹؒظ

ΣΞͳͲʹ͍ͭͯଟ͘ͷΞοϓάϨʔυΛͨͬߦɻ͜

͜ͰͦͷશͯΛհ͢ΔͷෆՄͳͷͰɼͦͷ͏ͪͷ

͍͔ͭ͘ʹ͍ͭͯऔΓ্͛Δɻ

3.2.1 IBL

ATLAS ʹͱͬͯ LS1 େͷΞοϓάϨʔυ߲࠷

Insertable B-Layer (IBL) ͷಋೖͰ͋ΔɻϏʔϜύΠϓ

͝ͱ 1ͭͷύοέʔδͱͯ͠γϦίϯϐΫηϧݕग़ثΛ

ଘͷϐطͰ͋Δ࠷ͷثग़ݕ͠ɼͦΕΛ෦ඈ࡞

Ϋηϧݕग़ثͷ͞Βʹଆʹઃஔ͢Δɻ͜ΕʹΑͬͯߴ

Day in 2015

-1
fb

To
ta

l I
nt
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d 
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os

ity
 

0

1

2

3

4

5

1/6 1/7 1/8 1/9 1/10 1/11

 = 13 TeVs PreliminaryATLAS
LHC Delivered 
ATLAS Recorded
All Good for Physics

Total Delivered: 4.2 fb-1

Total Recorded: 3.9 fb-1

All Good for Physics: 3.2 fb-1

ਤ 10: 2015ʹ ATLASݕग़ثͰಘΒΕͨੵϧϛϊ

γςΟʔͷਪҠ [6]ɻ

ϧϛϊγςΟʔڥʹ͓͍ͯτϥοΩϯάྗ͕ҡ࣋

͞ΕΔ͜ͱ͕ظ͞ΕΔɻ

IBLͷ࡞ͱΠϯετʔϧʹ͍ͭͯҎલʹߴΤωϧ

ΪʔχϡʔεͰใͨ͠ࠂ [13]ɻ͜͜Ͱ 2015தͷί

ϛογϣχϯάͷঢ়گͱಘΒΕͨੑʹ͍ͭͯใ͢ࠂΔɻ

IBL ɼεςʔϒͱݺΕΔηϯαʔϞδϡʔϧ͕

͞ࡌΕͨํܗͷ൘Λԁ্ʹஔ͢Δ͜ͱͰߏ͞

ΕΔɻ·ͨͦΕͧΕͷεςʔϒʹϑϨοΫεͱݺΕ

Δిݯͱ৴߸ઢͷͨΊͷϑϨΩγϒϧج൫͕ண͞Εͯ

͍Δɻ

ͯ͞ɼRun2 ʹͷίϛογϣχϯάத͙ͯͬ͢·͕࢝

IBLͷΞϥΠϯϝϯτΛࡍ͏ߦʹɼεςʔϒ͕͕ͯͬۂ

͠·͍ͬͯΔ͜ͱ͕໌ͨ͠ɻݪҼΛௐࠪͨ݁͠ՌɼIBL

ͷϑϩϯτΤϯυνοϓʹ͓͍ͯTID(Total Ionization

Dose)ͷޮՌͰͷిྲ্ྀ͕ঢ͠ɼফඅిྗ͕૿Ճ͢Δͱ

Δ͜ͱ͕Θ͔ͬͨɻ͜ΕʹΑ͍ͬͯͯͬ͜ى͕ݱ͏͍

Թ͕มԽ͠ɼεςʔϒͱϑϨοΫεͷૉࡐͷҧ͍ʹΑ

Stave FlexCooling Pipe
Carbon Foam

Front-end ModuleBeam PipeInner Positioning Tube

Inner Support Tube

ਤ 11: IBL ͷϏʔϜͱਨͳํͰͷஅ໘ਤ [14]ɻφ

ฒΜͰ͍Δʹํ 1ͭ 1ͭͷϞδϡʔϧ͕εςʔϒͰ

͋Δɻ
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ਤ 12: Թ͝ͱʹଌఆͨ͠ IBLεςʔϒͷۂ [14]ɻ

¥ によって、
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 < 0.2η0.0 < 

 = 8 TeVsData 2012, 

 = 13 TeVsData 2015, 

ਤ 13: τϥοΫ pT ͷؔͱͯ͠ಘΒΕͨ impact pa-

rameter ͷਫ਼ [15]ɻ

ΔுͷࠩʹΑΓɼεςʔϒͷ͜ى͕ۂΔͱཧղ

͞Εͨɻ

͜ͷʹରॲ͢ΔͨΊɼਤ 12ͷΑ͏ʹԹ͝ͱͷ

ΓΛଌఆ͠ɼ͞ΒʹԹͷϞχλϦϯάʹΑΔֱਖ਼͕ۂ

ͷසΛ૿ͨ͠ɻ͜ΕʹΑΓ IBLͷਫ਼ີͳΞϥΠϯ

ϝϯτ͕Մʹͳͬͨɻ

͜ͷ݁Ռɼਤ ΒΕΔΑ͏ʹɼಛʹ͍ݟʹ13 pT ྖ

ҬͰͷτϥοΩϯάੑʹ͓͍ͯɼRun2 Ͱେ͖ͳվળ

͕ಘΒΕͨɻޙࠓ 2015ϥϯͰݟΒΕͨ৴߸ಡΈग़

͠ͷෆ۩߹ͳͲΛमਖ਼͍ͯ͘͠༧ఆͰ͋Δɻ

3.2.2 ϛϡʔΦϯݕग़ثͱτϦΨʔ

ATLAS࣮ݧͷτϦΨʔϨϕϧ 1τϦΨʔ (L1)ͱϋ

ΠϨϕϧτϦΨʔ (HLT)͔Βߏ͞ΕΔɻL1τϦΨʔ

ΧϩϦϝʔλͱϛϡʔΦϯγεςϜ͔Βͷ৴߸Λ༻͍

େ࠷ͯ 40 MHzͷසͰ͜ىΔཅࢠͷόϯνަࠩͰൃੜ

ͨ͠িಥࣄͷϨʔτΛ 100 kHz ·Ͱམͱ͢ɻHLT

ͰL1Λ௨աͨ͠ࣄʹରͯ͠CPU༻͍ͨਫ਼ີͳτϦ

ΨʔఆΛ͍ߦɼ࠷ऴతͳσʔλऔಘϨʔτ 1 kHz

2 4 6 8 10 12 14 16
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0

1 2 3 4 5 6

1 2 3 4 5 6

TGCs

1

2

3

4

5

1

2

3

End-cap

magnet
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y

1

2

TGCs

End-cap 
toroid η=2.4

η=1.3

η=1.0

[m]

TGC-FI

η=1.9

TileCal

ਤ 14: ATLASݕग़ثͷϛϡʔΦϯγεςϜɻઢͦ

ΕͧΕͷ η ྖҬΛࣔ͢ɻ͍ۂઢͷҹɼz ∼ 10 m

ۙͰੜ͞Εཻ͍ͨࢠʹΑΔϑΣΠΫτϦΨʔͷ

Ұྫɻ

ͱͳΔɻ

L1Ͱͷஅʹ༻Ͱ͖ΔϨΠςϯγʔ 2 µs ͱඇৗ

ʹ͍ͨΊɼ͜ͷϩδοΫ FPGA  ASIC Λ༻͍ͨ

ϋʔυΣΞ্Ͱߏங͢Δɻ͜ ͷL1τϦΨʔݕग़ثͷ͏

ͪɼThin Gap Chamber (TGC)ͱݺΕΔΤϯυΩϟο

ϓ෦ϛϡʔΦϯτϦΨʔݕग़ثʹ͍ͭͯɼATLAS 

ຊάϧʔϓ͕ͦͷ։ൃɼ࡞ɼΠϯετʔϧɼγεςϜ

͖ͨͯͬߦͯͬ࣋ங·ͰΛߏ [16]ɻRun1 ͔Βޙ

ͷݕग़ثӡసɼLS1ؒظͰͷ४උͱRun2 ʹ͓͚ΔΞο

ϓάϨʔυʹ͍ͭͯචऀ͕ओಋͯ͜͠ΕΛͨͬߦͷͰɼ

͜ͷػձʹগ͠հ͖͍ͤͯͨ͞ɻ

ਤ 14 ATLASݕग़ثͷ 1/4ਤͰ͋ΔɻΤϯυΩϟο

ϓτϩΠυ࣓ੴͷ֎ଆʹɼTGC ͕ 3ઃஔ͞Ε͓ͯΓɼ

͜ΕΒΛϛϡʔΦϯ͕ಥ͖ൈ͚ͨͱ͍͏݅Λ՝͢͜ͱ

Ͱ L1 ϛϡʔΦϯτϦΨʔΛൃ͢ߦΔɻ

ϛϡʔΦϯΛऴঢ়ଶʹؚΉॏཁͳཧࣄͷଌఆͷ

ͨΊʹಛʹ͍ߴԣํӡಈྔ (pT ) Λͨͬ࣋ϛϡʔΦ

ϯΛؚΉࣄΛબ͢ΔτϦΨʔ͕ඞਢͰ͋ΔɻRun1

ʹ͓͚Δ LHC ͷϧϛϊγςΟʔ 7 × 1033 cm−2s−1 ɼ
√
s = 8 TeVͰͷিಥʹ͓͍ͯɼpT ᮢ͕20 GeVͷL1

ϛϡʔΦϯτϦΨʔ (L1 MU20)ͷϨʔτ 7 kHz Ͱ

͋ͬͨɻRun2தʹϧϛϊγςΟʔ 1.5×1034 cm−2s−1

ఔ·Ͱ૿͞ڧΕΔ༧ఆͰ͋Γɼ·ͨॏ৺ܥΤωϧΪʔ

͕ 13 TeV ʹ্͕ͬͨ͜ͱͰWϘιϯͷੜஅ໘ੵ

૿͑ɼ࠷ऴతʹ L1 MU20 ͷτϦΨʔϨʔτ͜ͷ··

ͩͱ 30 kHz ఔ·Ͱ૿Ճ͢Δ͜ͱ͕ࠐݟ·Ε͍ͯΔɻ

͔͠͠ L1ϛϡʔΦϯτϦΨʔϨʔτɼγεςϜશମ

ͱͯ͠ͷཁٻʹΑΓɼ20 kHz ҎԼఔʹ͑Δඞཁ͕

͋Δɻ͜ΕΛຬͨ͞ͳ͍ͱɼᮢΛ্͛ͯϛϡʔΦϯʹ

ର͢ΔτϦΨʔޮΛѱԽͤ͞Δ͔ɼτϦΨʔΛϓϦε
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ਤ 15: ηͷؔͱͯ͠ಘΒΕͨᮢ 15 GeVͷ L1ϛϡʔ

ΦϯτϦΨʔ (্ਤ) ͱτϦΨʔͷݮ (Լਤ) [17]ɻ

FI ίΠϯγσϯε͕͋Δ߹ʹτϦΨʔϨʔτͷݮ

ΒΕΔɻݟ͕

έʔϧ͢Δ͜ͱʹͳΓɼ͍ͣΕʹͯ͠ LHC Ճثͷ

ੑ͕͔ͤ׆ͳ͍ɻ

ͱ͜ΖͰɼRun1Ͱͷσʔλղੳʹ͓͍ͯɼL1 MU20

Ͱऔಘͨ͠ࣄͷِϥϐσΟςΟ(”η”)ຊདྷฏ

ୱͰ͋Δ͕ͣɼ࣮ࡍʹ |η| > 1ͷΤϯυΩϟοϓྖҬ

ͰͷΈෆࣗવʹτϦΨʔϨʔτ͕͍͜ߴͱ͕Θ͔ͬͨɻ

TGC Ͱൃ͞ߦΕΔ L1τϦΨʔɼͦΕ͕িಥ͔Β

དྷͨϛϡʔΦϯͰ͋Δ͜ͱΛԾఆͯ͠ଌఆཻͨ͠ࢠͷ֯

ʹ͞ߦൃ͍ͯجΕ͍ͯΔ͕ɼৄࡉͳௐࠪͷ݁Ռɼਤ 14

தͷ͍ҹͰࣔͨ͠Α͏ʹɼ͜ͷ༨ͳد༩ϛχϚ

ϜόΠΞεͳͲͷιϑτͳԠͰࢄཚ·ͨੜཻͨ͠

ΛੜࢠτϩΠυ࣓ੴपลͷϏʔϜύΠϓͰͷཻ͕ࢠ

͠ɼͦΕΒ͕࣓Ͱ͛ۂΒΕͯɼͨ·ͨ·͍ߴ pT ͷ

ϛϡʔΦϯͱಉ֯͡Ͱݕग़ثʹඈͼࠐΈɼτϦΨʔΛ

·Ͱ͋Δɼͱཧղ͞Εͨɻͭࣄͱ͍͏͏·ͯ͠͠ߦൃ

Γɼিಥ͔ΒͷϛϡʔΦϯͷΈΛબͯ͜͠ͷഎࣄܠ

Λഉআ͢ΔͨΊʹ࣓ΑΓଆͷݕग़ثͱ TGC

ʹಉ࣌ʹ৴߸͕͋Δ͜ͱΛཁ͢ٻΕΑ͍ɻ

ͦ͜ͰզʑɼτϩΠυ࣓ੴͷ͙͢ଆʹઃஔ͞Εͨ

”TGC-FI” ͱ֎TGC ͱͷίΠϯγσϯεϩδοΫΛ

Run2 ͰͷΞοϓάϨʔυͱͯ͠ಋೖͨ͠ɻ͜ͷ࣮ʹ

ɼ৴߸ॲཧϘʔυͳͲͷϋʔυΣΞ্ͷमਖ਼͕ඞཁ

Ͱ͋ͬͨͨΊ͕͔͔͕ͨͬؒ࣌ɼ࠷ऴతʹ 2015

ͷ 9݄ॳΊʹίϛογϣχϯά͕ྃ͠ɼ෦ίΠϯ

γσϯεΛՔಇͤ͞Δ͜ͱ͕Ͱ͖ͨɻਤ 15ͦͷޙऔ

ಘͨ͠σʔλʹ͓͚Δ L1ϛϡʔΦϯτϦΨʔͷ η

Ͱ͋ΔɻFI ͷ͋Δثग़ݕ 1.3 < η < 1.9 ͷྖҬͰେ͖

ͳϨʔτ͕ݮಘΒΕͨ͜ͱ͕Θ͔Δɻ͜ͷվળʹΑͬ

]-1 s-2 cm30Instantaneous luminosity / bunch [10
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ਤ 16: L1Calo τϦΨʔͷϨʔτΛϧϛϊγςΟʔͷؔ

ͱͯࣔ͢͠ [18]ɻϕσελϧิਖ਼ΛೖΕΔࣄʹΑΓ

Ϩʔτ͕͞ݮΕɼ·ͨϧϛϊγςΟʔʹରͯ͠ઢܕʹ

ͳ͍ͬͯΔɻʹ͍ؔۙ

ͯɼ2016Ҏ߱ͷϥϯʹ͓͍ͯ LHCͷڧ͕͞Βʹ૿

େͨ͠߹ʹ͓͍ͯɼ͍ߴ pT ͷϛϡʔΦϯΛؚΉΠ

ϕϯτΛɼᮢΛอͬͨ··ޮͱམͱͣ͞औಘ͢Δ͜

ͱ͕Ͱ͖Δɻ

ʹ͞Βࡏݱ 1.0 < η < 1.3 ʹଘ͢ࡏΔ EIL4 ͱ͍

͏෦ͱλΠϧϋυϩϯΧϩϦʔϝʔλ (TileCal)ͷ৴

߸Λར༻ͨ͠ϩδοΫʹ͍ͭͯίϛογϣχϯάΛਐΊ

͍ͯΔɻͪ͜Β 2016தʹ࣮ࡍʹಋೖ͞ΕΔ༧ఆͰ

͋Δɻ

3.2.3 L1Calo τϦΨʔ

L1τϦΨʔʹϛϡʔΦϯͷଞʹΧϩϦʔϝʔλ͔

Βͷ৴߸ʹΑΔτϦΨʔଘ͠ࡏɼϋʔυΣΞ্Ͱͷ

ॲཧͰɼి࣓γϟϫʔɼδΣοτͳͲͷτϦΨʔΛൃߦ

͢Δɻ͜ͷͱ͖ɼফࣦԣํΤωϧΪʔ (Missing ET,

MET) τϦΨʔʹ͍ͭͯϨʔτ͕ϧϛϊγςΟʔʹ

ൺྫͤͣɼࢦؔతʹ૿େͯ͠͠·͏ɼͱ͍͏͕

Run1Ͱ͍͔ͨͯͬͭݟɻ͜ Εɼ͋ Δࣄ͕࿈ଓ͢Δό

ϯνதͷͲͷҐஔʹଐ͢Δ͔Ͱ৴߸ͷϕʔεϥΠϯ (ϖ

σελϧ)ʹର͢ΔύΠϧΞοϓͷޮՌ͕େ͖͘มԽ͢

Δ͜ͱ͕ݪҼͩͬͨɻ͜Εʹରͯ͠ɼόϯνҐஔΛྀߟ

ͨ͠ϖσελϧͷิਖ਼Λ Run2 Ͱಋೖͨ݁͠Ռɼਤ 16

ͷΑ͏ʹύΠϧΞοϓʹΑΔޮՌେ͖͘͠ݮɼMET

τϦΨʔ΄΅ϧϛϊγςΟʔʹൺྫ͢Δͱ͜Ζ·Ͱվ

ળͨ͠ɻ͜ΕʹΑͬͯޙࠓϧϛϊγςΟʔ͕͞Βʹ্

ͨ͠߹ʹ͓͍ͯਫ਼ͷ͍ߴ L1CaloτϦΨʔΛఏڙ

͢Δ͜ͱ͕Մʹͳͬͨͱ͑ݴΔɻ
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4 ͓ΘΓʹ

2016ɼLHC ॏ৺ܥΤωϧΪʔΛ 13 TeV ʹอͬ

ͨ··ɼ૯όϯν΄΅࠷େͷ 2748ɼβ∗  40 cmΛ

ͨ͠ࢦվྑΛ͏ߦɻ2015ʹݟΒΕͨʹ͍ͭͯ

΄΅ղܾͨ͠ͷͰɼྫ͑ scrubbingͷؒظΛेʹ

औΔ͜ͱͰૣظʹϧϛϊγςΟʔΛ্͍͖͛ͯɼ2016

தʹ 1× 1034 cm−2s−1 Λୡ͢Δ͜ͱΛ͢ࢦɻ͜

ΕʹΑͬͯಘΒΕΔσʔλྔ 25 fb−1ఔʹͳΔ༧ఆ

Ͱ͋Δɻ͜Εඇৗʹָ؍తͳ༧ଌɼͱ͍͏Θ͚

Ͱͳ͍ͷͰɼ2016ͷσʔλͰཧଌఆͷײେ

্͖͕͘Δ͜ͱ͕ظ͞ΕΔɻ

ATLAS ଆͱͯ͠ TileCal Λ༻͍ͨ෦ίΠϯγσ

ϯεͷίϛογϣχϯάΛਐΊɼϛϡʔΦϯτϦΨʔͷ

ޮΛམͱ͞ͳ͍Α͏ɼ૿େ͢ΔϧϛϊγςΟʔʹରԠ

͢Δɻ·ͨଞͷτϦΨʔʹؔ͢ΔΞοϓάϨʔυͱͯ͠

L1ͰෳͷΦϒδΣΫτಉ࣌ͷτϙϩδʔΛྀͨ͠ߟ

τϦΨʔ (”L1Topo”) Λಋೖ͠ɼ͞ΒͳΔϨʔτݮͱ

ॏཁͳཧࣄʹର͢Δײ্Λ͍ͯ͘͠ࢦɻ

LHCɼATLAS ৽ใɼATLAS࠷Δؔ͢ʹݧ࣮

ຊάϧʔϓͷαΠτ [19]ɼΦϑΟγϟϧϒϩά [20]ɼπ
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