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2೥ؒͷγϟοτμ΢ϯΛͯܦɼ2015೥ΑΓ͍Α͍Α

ॏ৺ܥΤωϧΪʔ 13 TeV Ͱͷཅࢠɾཅࢠিಥ࣮͕ݧ

LHCͰ։࢝͞Εͨɻ౰ॳͷ༧ఆ͸Լճͬͨ΋ͷͷɼ࠷

ऴతʹ 4.0 fb−1 ͷੵ෼ϧϛϊγςΟΛ ATLAS࣮ݧͰ

͸஝ੵ͠ɼͦͷ಺ɼ෺ཧղੳʹ͸ 3.2 fb−1 ఔ౓͕࢖༻

ՄೳͰɼ࠷ॳͷ෺ཧ݁ՌΛग़͢ʹ͸े෼ͳ౷͕ྔܭಘΒ

ΕͨɻຊߘͰ͸ɼ͜͜ͰಘΒΕͨओͳ෺ཧ݁Ռʹ͍ͭͯ

঺հ͢Δɻͳ͓ɼRun2ͷ݁ՌͷதͰ΋ɼࡏݱҰࡍ஫໨

ΛूΊ͍ͯΔ̎ޫڞࢠ໐ঢ়ଶͷ୳ࡧʹؔͯ͠͸ɼࢯࢣࣉ

ʹΑΔผͷࣄهʹৡΔɻ

Θͨࣗ͠਎͸Run2Ͱ৽෺ཧͷൃݟΛ໨͠ࢦɼಛʹ௒

ରশੑཻࢠ୳ࡧΛઐ໳ʹ͓ͯͬߦΓɼͦͷ݁ՌΛ࠷ॳʹ

ड़΂Δɻ࣍ʹɼॏ৺ܥΤωϧΪʔ͕େ͖͘ͳͬͨ͜ͱʹ

ΑΓɼײ౓্͕͢޲Δͦͷ΄͔ͷ৽෺ཧ୳ࡧʹ͍ͭͯड़

΂Δɻ·ͨɼ৽෺ཧ୳ࡧΛ্͏ߦͰඪ४໛ܕͷཧղ΋ෆ

ՄܽͰ͋ΓɼATLAS೔ຊάϧʔϓ΋༷ʑͳղੳʹݙߩ

͍ͯ͠Δɻͦͷ݁Ռʹ͍ͭͯ΋ଓ͚ͯ঺հ͢Δɻ

2 ௒ରশੑཻࢠ୳ࡧ

௒ରশੑཻࢠ୳ࡧΛؚΊͨɼඪ४໛ܕΛ௒͑Δ෺ཧͰ

༧͞ݴΕΔ৽ཻࢠ୳ࡧʹ͓͍ͯ͸ɼॏ৺ܥΤωϧΪʔ͕

େ͖͘ͳ͔ͬͯΒͷ࠷ॳͷ࠷͕ظ࣌΋ΤΩαΠςΟϯά

Ͱ͋Ζ͏ɻਤ 1ʹɼॏ৺ܥΤωϧΪʔ 13 TeVͱ 8 TeV

Ͱͷ৽ཻࢠͷੜ੒அ໘ੵͷൺΛ͕ࣔ͢ɼॏཻ͍ࢠʹͳΔ

΄Ͳ 13 TeVʹͳΔ͜ͱʹΑΔ૿͑ํ͕େ͖͘ɼ·ͨɼ

άϧʵΦϯɾάϧʵΦϯͷ PDFʢParton Distribution

Functionʣ͔Βੜ੒͞ΕΔ΋ͷ΄Ͳɼେ͖͍͜ͱ͕Θ͔

ΔɻͦͷͨΊɼ͍ڧ૬࡞ޓ༻͔Βੜ੒͞ΕΔॏཻ͍ࢠ΄

Ͳɼগͳ͍౷ܭͰ 8 TeVͷײ౓Λ௒͑Δ͜ͱ͕Մೳʹ

ͳΔɻ௒ରশੑཻࢠ୳ࡧʹ͓͍ͯ΋άϧʵΦϯͷ௒ରশ

ੑύʔτφʔͰ͋ΔάϧʔΠʔϊͷ୳͕ࡧ·ͣॏ఺తʹ

ΘΕͨɻߦ

Run2࠷ॳͷղੳ݁ՌΛૉૣ͘ग़ͤΔΑ͏୯७Խͨ͠

ղੳ͕ओͰ͋ΔɻͦΕͰ͍ͯɼ୯ʹॏ৺ܥΤωϧΪʔͩ

͚ʹཔΒͣRun1Λ௒͑Δײ౓ΛಘΔͨΊɼͦΕͧΕͷ

ղੳͰվળΛਤ͍ͬͯΔɻ

100 1000
1

10

100

 

 gg
 Σqq
 qg

WJS2013

ratios of LHC parton luminosities: 13 TeV / 8 TeV

 

lu
m

in
o

si
ty

 r
a

tio

M
X
 (GeV)

MSTW2008NLO

_

ਤ 1: ॏ৺ܥΤωϧΪʔ 13 TeVͱ 8 TeVͰͷཻࢠੜ੒

ʹର͢ΔύʔτϯϧϛϊγςΟͷൺ [1]ɻ

2.1 άϧʔΠʔϊ୳ࡧ

άϧʔΠʔϊ୳ࡧͰ༗ྗͳൃݟνϟϯωϧͷҰͭ͸ɼά

ϧʔΠʔϊର͕ͦΕͧΕχϡʔτϥϦʔϊ͓ΑͼΫΥʔ

Ϋରʹ௚઀่յ͢Δաఔʢਤ 2ʣΛओͳλʔήοτͱ͠

ͨɼ0ϨϓτϯʴϚϧνδΣοτʴߴফࣦӡಈྔͷऴঢ়

ଶΛ༻͍ͨ୳ࡧͰ͋Δɻ

ਤ 2: άϧʔΠʔϊର͔ΒͷχϡʔτϥϦʔϊ͓Αͼ

ΫΥʔΫର΁ͷ௚઀่յաఔɻ
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ΔͨΊɼͦݟΛࢠͷάϧʔΠʔϊ͔Βͷ่յཻྔ࣭ߴ

ΕΒͷཻ͔ࢠΒੜ͡Δେ͖ͳԣফࣦӡಈྔʢEmiss
T >

200 GeVʣɼpT > 200 GeVͷδΣοτ͕ 1ຊҎ্ɼpT >

100 GeVͷδΣοτ͕ 4ຊҎ্Λཁޙͨ͠ٻͰɼ͞Βʹ

δΣοτͷԣӡಈྔͷεΧϥʔ࿨meff = Emiss
T +

∑
pjetT

͕άϧʕΠʔϊͷ৴߸ࣄ৅ͱඪ४໛ܕ༝དྷͷόοΫά

ϥ΢ϯυΛ෼཭͢Δ্Ͱɼ༗ޮͳม਺ͱͳΔɻ͞Βʹά

ϧʔΠʔϊͷ่յཻࢠͷτϙϩδʔ͕όοΫάϥ΢ϯυ

ʹൺ΂ͯҰ༷ʹٿঢ়ʹ͕޿Δ͜ͱʹண໨͠ɼΞϓϥφϦ

ςΟ[2]ͱ͍͏ม਺Λಋೖ͠ɼRun1ͷղੳ͔ΒͷվળΛ

ɻਤͨͬߦ 3ʹ͜ͷ 4δΣοτͷࣄ৅બ୒ΛޙͨͬߦͰ

ͷɼmeff ෼෍Λࣔ͢ɻ৴߸ྖҬʢmeff > 2200 GeVʣʹ

͓͍ͯɼ࣌ݱ఺Ͱ༗ҙͳ௒ա͸ݟΒΕ͓ͯΒͣɼͦͷ݁

Ռɼਤ 4ͷΑ͏ʹɼ͢ͰʹRun1Λ௒͑Δύϥϝʔλྖ

Ҭ͕٫͞غΕ͍ͯΔɻ͔͠͠ɼmeff = 2 TeVΛ௒͑Δ

Α͏ͳࣄ৅΋؍ଌ͞Ε͸͡Ί͓ͯΓɼޙࠓ౷ͯ͑૿͕ܭ

͔Βͷ୳͕ࡧॏཁͰ͋Δɻ
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ਤ 4: άϧʔΠʔϊରੜ੒ʹର͢Δ࣭ྔύϥϝʔλ΁ͷ

ݶ੍ [3]ɻ

2.2 ZʴδΣοτʴফࣦӡಈྔࣄ৅ͷূݕ

΋͏Ұͭॏཁͳղੳ͸ɼRun1ͷ ATLASʹͯɼ3.0σ

(eeνϟϯωϧʣɼ1.7σ (µµνϟϯωϧʣͷόοΫάϥ

΢ϯυ͔Βͷ௒աࣄ৅͕ݟΒΕ͍ͯͨ Z Ϙιϯʢ2 Ϩ

ϓτϯʣʴ 2δΣοτʴߴফࣦӡಈྔͷऴঢ়ଶͷ୳ࡧͰ

͋Δ [4]ʢCMS ͔Β͸ಉ༷ͷ৴߸ྖҬͰͷ୳݁ࡧՌ͸

Run1Ͱ͸ͳ͠ʣɻ͜Ε͕ɼ͍ڧ૬࡞ޓ༻͔Βੜ͡Δά

ϧʔΠʔϊͷΑ͏ͳཻࢠͷ่յաఔ͔Βੜ͍ͯ͡Δͱ

͢Ε͹ʢਤ 5ʣɼRun2Ͱɼॏ৺ܥΤωϧΪʔ͕େ͖͘

ͳͬͨ͜ͱʹΑΓɼগͳ͍ੵ෼ϧϛϊγςΟͰ΋͑ݟ͸

͡ΊΔՄೳੑ͕͋ΔɻͦͷͨΊɼRun2Ͱ΋ Run1ͷղ

ੳΛ౿ऻ͠ɼ·ͬͨ͘ಉ͡ࣄ৅બ୒Λͯͬߦͷඪ४໛

ɻਤͨͬߦ༝དྷͷόοΫάϥ΢ϯυͷൺֱΛܕ 6͕ͦ

͏ͯ͠ಘΒΕͨࣄ৅ͷ 2 Ϩϓτϯͷෆม࣭ྔ (mℓℓ) Ҏ

֎ͷબ୒Λޙͨͬߦͷ mℓℓ ෼෍Ͱ͋ΓɼZ Ϙιϯ࣭ྔ

෇ۙʹ௒աࣄ৅͕ݟΒΕΔɻ࠷ऴతʹ৴߸ྖҬͱͯ͠ɼ

81 GeV< mℓℓ <101 GeVͰͷࣄ৅਺͸ 10.3± 2.3ͷ༧

ଌʹରͯ͠ɼ21ͷ؍ଌ஋͕ಘΒΕ͓ͯΓɼ·ͩɼ༗ҙ

ͱ͸͑ݴͳ͍΋ͷͷ 2.2σͷ௒աͱͳΔɻ·ͨɼࠓճ͸

eeɼµµνϟϯωϧͰͦΕͧΕ 10ɼ11ͷࣄ৅͕؍ଌ͞Ε

͓ͯΓɼϑϨʔόʔؒͷରশੑ΋͍ߴɻ

͔͠͠ͳ͕ΒɼRun2Ͱ͸ CMS͔Β΋΄΅ಉ༷ͷࣄ

৅બ୒Λͨͬߦղੳ݁Ռ͕ग़͞Ε͓ͯΓ [5]ɼͦ͜Ͱ͸

༗ҙͳ௒ա͸ݟΒΕͳ͍ɻޙࠓɼ౷͔ͯ͑૿͕ܭΒͷ྆

ऀͷແໃ६౓ͷ֬ೝ͕ඞཁʹͳͬͯ͘Δɻ
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ΔͨΊɼͦݟΛࢠͷάϧʔΠʔϊ͔Βͷ่յཻྔ࣭ߴ

ΕΒͷཻ͔ࢠΒੜ͡Δେ͖ͳԣফࣦӡಈྔʢEmiss
T >

200 GeVʣɼpT > 200 GeVͷδΣοτ͕ 1ຊҎ্ɼpT >

100 GeVͷδΣοτ͕ 4ຊҎ্Λཁޙͨ͠ٻͰɼ͞Βʹ

δΣοτͷԣӡಈྔͷεΧϥʔ࿨meff = Emiss
T +

∑
pjetT

͕άϧʕΠʔϊͷ৴߸ࣄ৅ͱඪ४໛ܕ༝དྷͷόοΫά

ϥ΢ϯυΛ෼཭͢Δ্Ͱɼ༗ޮͳม਺ͱͳΔɻ͞Βʹά

ϧʔΠʔϊͷ่յཻࢠͷτϙϩδʔ͕όοΫάϥ΢ϯυ

ʹൺ΂ͯҰ༷ʹٿঢ়ʹ͕޿Δ͜ͱʹண໨͠ɼΞϓϥφϦ

ςΟ[2]ͱ͍͏ม਺Λಋೖ͠ɼRun1ͷղੳ͔ΒͷվળΛ

ɻਤͨͬߦ 3ʹ͜ͷ 4δΣοτͷࣄ৅બ୒ΛޙͨͬߦͰ

ͷɼmeff ෼෍Λࣔ͢ɻ৴߸ྖҬʢmeff > 2200 GeVʣʹ

͓͍ͯɼ࣌ݱ఺Ͱ༗ҙͳ௒ա͸ݟΒΕ͓ͯΒͣɼͦͷ݁

Ռɼਤ 4ͷΑ͏ʹɼ͢ͰʹRun1Λ௒͑Δύϥϝʔλྖ

Ҭ͕٫͞غΕ͍ͯΔɻ͔͠͠ɼmeff = 2 TeVΛ௒͑Δ

Α͏ͳࣄ৅΋؍ଌ͞Ε͸͡Ί͓ͯΓɼޙࠓ౷ͯ͑૿͕ܭ

͔Βͷ୳͕ࡧॏཁͰ͋Δɻ

(incl.) [GeV]effm

1000 1500 2000 2500 3000 3500

ev
en

ts
 / 

10
0 

G
eV

1

10

210
 PreliminaryATLAS

-1=13 TeV, 3.2 fbs

SR4jt
Data 2015
SM Total
Diboson
Z+jets

(+EW) & single toptt
W+jets
Multi−jet

 direct,g~g~

)=(1400, 0)0
1

χ
∼

, g~m(

(incl.) [GeV]effm
1000 1500 2000 2500 3000 3500

D
at

a 
/ M

C

0

0.5

1

1.5

2

ਤ 3: 0 Ϩϓτϯɼ4 δΣοτɼߴফࣦӡಈྔࣄ৅Ͱͷ

meff ෼෍ [3]ɻ
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miss
T

0-lepton + 2-6 jets + E

All limits at 95% CL

)SUSY
theoryσ1±Observed limit (

)expσ1±Expected limit (
-1ATLAS 8 TeV, 20.3 fb

ਤ 4: άϧʔΠʔϊରੜ੒ʹର͢Δ࣭ྔύϥϝʔλ΁ͷ

ݶ੍ [3]ɻ

2.2 ZʴδΣοτʴফࣦӡಈྔࣄ৅ͷূݕ

΋͏Ұͭॏཁͳղੳ͸ɼRun1ͷ ATLASʹͯɼ3.0σ

(eeνϟϯωϧʣɼ1.7σ (µµνϟϯωϧʣͷόοΫάϥ

΢ϯυ͔Βͷ௒աࣄ৅͕ݟΒΕ͍ͯͨ Z Ϙιϯʢ2 Ϩ

ϓτϯʣʴ 2δΣοτʴߴফࣦӡಈྔͷऴঢ়ଶͷ୳ࡧͰ

͋Δ [4]ʢCMS ͔Β͸ಉ༷ͷ৴߸ྖҬͰͷ୳݁ࡧՌ͸

Run1Ͱ͸ͳ͠ʣɻ͜Ε͕ɼ͍ڧ૬࡞ޓ༻͔Βੜ͡Δά

ϧʔΠʔϊͷΑ͏ͳཻࢠͷ่յաఔ͔Βੜ͍ͯ͡Δͱ

͢Ε͹ʢਤ 5ʣɼRun2Ͱɼॏ৺ܥΤωϧΪʔ͕େ͖͘

ͳͬͨ͜ͱʹΑΓɼগͳ͍ੵ෼ϧϛϊγςΟͰ΋͑ݟ͸

͡ΊΔՄೳੑ͕͋ΔɻͦͷͨΊɼRun2Ͱ΋ Run1ͷղ

ੳΛ౿ऻ͠ɼ·ͬͨ͘ಉ͡ࣄ৅બ୒Λͯͬߦͷඪ४໛

ɻਤͨͬߦ༝དྷͷόοΫάϥ΢ϯυͷൺֱΛܕ 6͕ͦ

͏ͯ͠ಘΒΕͨࣄ৅ͷ 2 Ϩϓτϯͷෆม࣭ྔ (mℓℓ) Ҏ

֎ͷબ୒Λޙͨͬߦͷ mℓℓ ෼෍Ͱ͋ΓɼZ Ϙιϯ࣭ྔ

෇ۙʹ௒աࣄ৅͕ݟΒΕΔɻ࠷ऴతʹ৴߸ྖҬͱͯ͠ɼ

81 GeV< mℓℓ <101 GeVͰͷࣄ৅਺͸ 10.3± 2.3ͷ༧

ଌʹରͯ͠ɼ21ͷ؍ଌ஋͕ಘΒΕ͓ͯΓɼ·ͩɼ༗ҙ

ͱ͸͑ݴͳ͍΋ͷͷ 2.2σͷ௒աͱͳΔɻ·ͨɼࠓճ͸

eeɼµµνϟϯωϧͰͦΕͧΕ 10ɼ11ͷࣄ৅͕؍ଌ͞Ε

͓ͯΓɼϑϨʔόʔؒͷରশੑ΋͍ߴɻ

͔͠͠ͳ͕ΒɼRun2Ͱ͸ CMS͔Β΋΄΅ಉ༷ͷࣄ

৅બ୒Λͨͬߦղੳ݁Ռ͕ग़͞Ε͓ͯΓ [5]ɼͦ͜Ͱ͸

༗ҙͳ௒ա͸ݟΒΕͳ͍ɻޙࠓɼ౷͔ͯ͑૿͕ܭΒͷ྆

ऀͷແໃ६౓ͷ֬ೝ͕ඞཁʹͳͬͯ͘Δɻ
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ਤ 6: 2 Ϩϓτϯɼ2 δΣοτɼߴফࣦӡಈྔࣄ৅Ͱͷ

mℓℓ ෼෍ [6]ɻ

3

3 ඪ४໛ܕΛ௒͑ͨ෺ཧͷ୳ࡧ

ͦͷ΄͔ͷඪ४໛ܕΛ௒͑ͨ෺ཧͷ୳ࡧͰ͸ɼ༷ʑͳ

͸ɼϞσϧࡧ໐ঢ়ଶͷ୳ڞओʹͳΔɻ͕ࡧ໐ঢ়ଶͷ୳ڞ

΁ͷґଘੑ͕খ͘͞ɼ৽෺ཧͷ୳ࡧʹ͓͍ͯɼඇৗʹڧ

ྗͳखஈͱͳΔɻ

3.1 2Ϙιϯڞ໐ঢ়ଶͷ୳ࡧ

Run1 ͷղੳͰ͸ɼϘιϯͷ่յ͔Βੜͨ͡ 2 ຊͷ

δΣοτ͔Β૊Μͩෆม࣭ྔmJJ ʹ͓͍ͯ 2 TeV෇ۙ

ʹσʔλͷ௒ա͕ݟΒΕɼ஫໨͕ू·ͬͨɻ΄͔ͷऴঢ়

ଶ΋Ճ͑ͨޙͷඪ४໛͔ܕΒͷͣΕ͸WZνϟϯωϧ

ʹ͓͍ͯɼ2.5σʹ΋ͳΓɼRun2Ͱͷ͕ূݕ଴ͨΕ͍ͯ

ͨɻRun2 Ͱࠓͷͱ͜ΖಘΒΕͨੵ෼ϧϛϊγςΟ͸ɼ

Run1Ͱ࠷ऴతʹಘΒΕͨ໿ 20 fb−1ʢ
√
s = 8 TeV)ͱ

ൺ΂ͯখ͍͕͞ɼຊ෺ͷ৽ཻࢠͷ৴߸Ͱ͋ΔͳΒ͹ɼ্

Ͱड़΂ͨΑ͏ʹॏ৺ܥΤωϧΪʔ͕େ͖͘ͳͬͨ͜ͱʹ

Αͬͯੜ੒அ໘ੵ͕େ͖͘ͳΓɼ͢Ͱʹಉఔ౓ͷ৴߸͕

଴͞ΕΔɻظ

͜ͷղੳͰ͸ɼϋυϩχοΫ่յͨ͠ϘιϯΛߏ࠶੒

͢ΔͨΊɼ൒ܘύϥϝʔλ1R = 1.0ͷେ͖͍αΠζͷ

δΣοτΛ༻͍Δɻਤ 7ʹɼ͜ͷδΣοτʹϘιϯʢW

·ͨ͸ Zʣͷ࣭ྔΛཁ͠ٻɼ͞ΒʹͦΕΒ 2ຊͷδΣο

τ͔Β૊Μͩෆม࣭ྔͷ෼෍Λࣔ͢ɻ͝ཡͷΑ͏ʹɼݱ

ঢ়ɼ2 TeV෇ۙʹ༗ҙͳ௒աࣄ৅͸ݟΒΕͳ͍ɻਤ 7 ͸

WZͷ৔߹Ͱ͋Δ͕ɼWWɼZZͷ৔߹΋ಉ༷Ͱ͋Δɻ
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ਤ 7: W͓Αͼ ZϘιϯ࣭ྔΛͨͬ࣋ 2ຊͷδΣοτ͔

Β૊Μͩෆม࣭ྔͷσʔλͷࣄ৅਺͓ΑͼϑΟοτ͔Β

ΊͨόοΫάϥ΢ϯυͷ෼෍ٻ [7]ɻ

͜ΕΑΓɼͨͱ͑͹ɼW’→WZͷੜ੒அ໘ੵʹ੍ݶΛ

෇͚ͨ݁Ռ͕ਤ 8Ͱ͋ΔɻmW′ = 2 TeVͰ͸ɼ40 fbͷ

1൒ܘύϥϝʔλ R ͷڑ཭͸ɼϏʔϜ࣠·ΘΓͷํҐ֯ͷࠩ ∆φ
ͱϥϐσΟςΟͷࠩ ∆y Λ༻͍ͯ ∆R =

√
(∆φ)2 + (∆y)2 Ͱఆٛ

͞ΕΔɻ

ಘΒΕ͍ͯΔɻ͜ΕΛRun1ͷATLASͷ݁Ռ͕ݶ੍ [8]

ͱൺֱ͢ΔͱɼW’→WZͰ͸ɼ50 fbͷ੍ݶͱͳ͍ͬͯ

Δɻ͜Εʹ͞Βʹ 8 TeV͔Β 13 TeVͰͷੜ੒அ໘ੵͷ

૿ՃΛྀ͢ߟΔͱɼ͢ͰʹRun1Ͱͷ௒աΛઆ໌Ͱ͖ͳ

͘ͳ͍ͬͯΔɻ
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ਤ 8: W’→WZͷੜ੒அ໘ੵʹର͢Δ੍ݶ [7]ɻ

ͦͷ΄͔ɼWW,WZ→ ℓνqq [9]ɼZW,ZZ→ ℓℓqq,ννqq

[10, 11]͓Αͼ HW, HZ→bbℓν, bbℓℓ, bbνν [12] ,ͷڞ

໐ঢ়ଶͷ୳ࡧ΋͢ͰʹRun2ͰߦΘΕ͕ͨɼ͍ͣΕʹ͓

͍ͯ΋ඪ४໛ܕͷόοΫάϥ΢ϯυ͔Βͷ༗ҙͳ௒ա͸

ΒΕ͍ͯͳ͍ɻݟ

3.2 ͦͷ΄͔ͷڞ໐ঢ়ଶͷ୳ࡧ

Run2Ͱͷ୳ࡧʹ͓͍ͯ ৅͕ࣄ໐ঢ়ଶʹ௒աڞࢠ2ޫ

΋ʹࡧ໐ঢ়ଶͷ୳ڞΒΕ͍ͯΔ͜ͱ͔Βɼͦͷ΄͔ͷݟ

஫໨͕ू·͍ͬͯΔɻ2δΣοτڞ໐ঢ়ଶͷ୳ࡧͰ͸ɼά

ϧʵΦϯ΍ΫΥʔΫ͔ΒͷδΣοτΛݟΔͨΊɼR = 0.4

ͷখ͍͞൒ܘύϥϝʔλͰߏ࠶੒ͨ͠ 2ຊͷδΣοτͷ

ෆม࣭ྔʢmjjʣ෼෍Ͱͷ୳ࡧΛ͕ͨͬߦɼਤ 9ͷΑ͏

ʹɼඪ४໛͔ܕΒͷ༗ҙͳͣΕ͸ݟΒΕͳ͍ɻ

͜ͷ 2ຊδΣοτͷϥϐσΟςΟͷࠩ y∗ = (y1−y2)/2

͔Βɼχ = e2|y
∗| ͱ͍͏ྔΛఆٛ͢ΔͱɼϥϐσΟςΟ

͕ LorentzෆมͰ͋Δ͜ͱ͔Βɼ͜Ε͸ 2ຊͷδΣοτ

ͷॏ৺ܥͰ΋౳͘͠ɼ·ͨɼॏ৺ܥͰͷϏʔϜ͔࣠Βͷ

֯౓ θ∗Λ༻͍ͯɼχ = (1+cos θ∗)/(1−cos θ∗)ͱද͞Ε

Δɻඪ४ཧ࿦༝དྷͷόοΫάϥ΢ϯυ͸ t-channelͰੜ

੒͞ΕΔάϧʵΦϯ͕େ൒Ͱ͋ΔͨΊɼੜ੒அ໘ੵ͸ χ

ʹΑΒͣ΄΅ҰఆʹͳΔͷʹର͠ɼ৽ཻ͕ࢠ s-channel

Ͱੜ੒͞ΕΔͱɼ͔ͦ͜ΒͷͣΕ͕ظ଴͞ΕΔɻਤ 10

͸ɼχΛҟͳΔmjj Ͱ੾Γͩͨ͠ͱ͖ͷ؍ଌ஋ͱඪ४໛
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ͳ͍ɻ

ͦͷ΄͔ɼ2Ϩϓτϯڞ໐ [13]ɼϨϓτϯɾԣফࣦӡ

ಈྔڞ໐ [14]Ͱͷ୳͕ࡧRun2ͰߦΘΕ͕ͨɼ͍ͣΕʹ

͓͍ͯ΋௒աࣄ৅͸͍͔ͯͬͭݟͳ͍ɻޙࠓɼΑΓෳࡶ
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ਤ 9: 2ຊͷδΣοτ͔Β૊Μͩෆม࣭ྔ෼෍ [15]ɻ
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Theoretical uncertainties

Total uncertainties

ATLAS
-1 = 13 TeV, 3.6 fbs

ਤ 10: 2ຊͷδΣοτ͔Βͨ͠ࢉܭ χͷҟͳΔ mjj ྖ

ҬͰͷ෼෍ [15]ɻ

4 ώοάεཻࢠͷଌఆɾ୳ࡧ

4.1 ඪ४໛ܕώοάεͷଌఆ

ώοάεཻࢠ͸Run1Ͱൃ͞ݟΕɼͦͷࡉৄޙͳଌఆ

ਫ਼౓ͷଌఆʹΑΓɼඪ͍ߴΘΕ͖͕ͯͨɼ͞ΒͳΔߦ͕

४໛ܕͷ͓ূݕΑͼඪ४໛͔ܕΒͷͣΕͷ୳ظ͕ࡧ଴͞

ΕΔɻ·ͨɼRun1Ͱະൃݟͷ่յաఔͷ୳ࡧ΋Ҿ͖ଓ

͖ॏཁͳ՝୊ͱͳ͍ͬͯΔɻ125 GeVͷώοάεཻࢠͷ

৔߹͸ॏ৺ܥΤωϧΪʔ͕େ͖͘ͳͬͯ΋ɼੜ੒அ໘ੵ

͸ 8 TeV ͷ৔߹ͱൺ΂ͯ 2ഒఔ౓ʹ͔͠ͳΒͳ͍ɻ͠

͔͠ͳ͕Βɼ͢Ͱʹଌఆ͸ਫ਼ྗతʹߦΘΕ͓ͯΓɼ·ͩ

༗ҙͳਫ਼౓ͷൃݟ͸͞Ε͍ͯͳ͍΋ͷͷɼඪ४ཧ࿦ͱແ

ໃ६ͳ݁Ռ͕ಘΒΕ͍ͯΔɻਤ 11͸ɼH→ γγ ͓Αͼ

ZZ่յաఔ͔ΒಘΒΕͨੜ੒அ໘ੵͷଌఆ݁ՌͰ͋Δɻ
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QCD scale uncertainty
)sα PDF+⊕(scaleTot. uncert. 
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comb. data syst. unc.

-1 = 7 TeV,  4.5 fbs
-1 = 8 TeV,  20.3 fbs

-1 = 13 TeV, 3.2 fbs

ਤ 11: ώοάεཻࢠͷੜ੒அ໘ੵͷଌఆ݁Ռ [16]ɻH→
γγɼH→ZZͷ఺͸ x࣠ํ޲ʹͣΒͯ͠ද͍ࣔͯ͠Δɻ

Run1Ͱ͸ɼ࠷ऴతʹH→bbʹ͍ͭͯ͸ɼ୯ಠ࣮ݧͰ

ͷ༗ҙͳਫ਼౓Ͱͷൃݟ͸Ͱ͖͍ͯͳ͔ͬͨɻ·ͨɼώο

άεཻࢠͱτοϓΫΥʔΫͷ౬઒݁߹͸ɼϧʔϓΛ௨͠

ͷੜ੒அ໘ੵͷଌఆࢠΔ͜ͱ͸ɼώοάεཻ͍͖ͯىͯ

͔Β࣮֬ͱ͑ߟΒΕΔ͕ɼ௚઀ଌఆΛ͜͏ߦͱ͸ෆՄܽ

Ͱ͋ΓɼttHੜ੒աఔͷൃݟ΋ॏཁͱͳΔɻRun2Ͱ࠷

ऴతʹ༧ఆ͞Ε͍ͯΔ 100 fb−1 ͷੵ෼ϧϛϊγςΟ͕

͋Ε͹ɼ͜ΕΒͷଌఆ͕े෼Մೳͱظ଴͞Ε͍ͯΔɻ

4.2 ॏ͍ώοάεཻࢠͷ୳ࡧ

͢Ͱʹൃ͞ݟΕͨඪ४໛ܕͱແໃ६ͳώοάεཻࢠͷ

ଌఆ͚ͩͰͳ͘ɼඪ४໛ܕΛӽ͑ͨཧ࿦Ͱଘ͕ࡏ༧͞ݴ

ΕΔɼ͞Βʹॏཻ͍ࢠͷ୳ࡧ΋ॏཁͰ͋ΔɻதͰ΋௒ର

শੑཧ࿦Λ͸͡Ίͱͨ͠ଟ͘ͷཧ࿦ʹొ৔͢Δ 2 ͷݸ

ώοάεೋॏ߲໛͕ܕ༗ྗ͞ࢹΕ͓ͯΓɼ͢Ͱʹ Run2

Ͱਫ਼ྗతͳ୳͕࢝ࡧ·͍ͬͯΔɻ

H/A→ ττ νϟϯωϧ͸ɼൺֱత୯७ͳऴঢ়ଶͰ͋

ΓɼόοΫάϥ΢ϯυ͕গͳ͍͜ͱ͔Βɼ౷ܭͷগͳ
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͍ Run2 ॳ͔ظΒײ౓͕͍ߴɻ2 ͭͷλ΢ཻํ͕྆ࢠ

ϋυϩχοΫ่յ͢Δ τhadτhad νϟϯωϧͱɼยํͷ

λ΢ཻ͕ࢠϨϓτχοΫ่յΛ͢Δ τlepτhad νϟϯω

ϧͰͷ୳ߦ͕ࡧΘΕ͕ͨɼ࣌ݱ఺Ͱ͸่յ෼ذൺͷେ

͖͍ τhadτhad νϟϯωϧͷํ͕ײ౓͕͍ߴɻޙࠓɼ౷

౓͕ײΔʹै͍ɼϨϓτχοΫνϟϯωϧͷ͑૿͕ܭ

౓͕৳ͼͯ͘ΔɻόοΫάϥײͷਫ਼౓ʹΑΓࠩޡ౷ܥ

΢ϯυͱ৴߸ͷ෼཭ʹ͸࠷ऴతʹԣ࣭ྔͷ࿨ mtot
T =√

m2
T(E

miss
T , τ1) +m2

T(E
miss
T , τ2) +m2

T(τ1, τ2) Θ࢖͕

Ε͍ͯΔɻਤ 12ʹ τhadτhad νϟϯωϧͰͷmtot
T ෼෍

Λ͕ࣔ͢ɼόοΫάϥ΢ϯυ͔Βͷ༗ҙͳͣΕ͸ݟΒΕ

ͳ͍ɻਤ 13͸ɼmtot
T ෼෍ΛόοΫάϥ΢ϯυͱ৴߸ࣄ

৅ͷ෼෍Ͱ binned likelihood fitͯ͠ಘΒΕͨύϥϝʔ
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ਤ 12: τhadτhadνϟϯωϧͰͷmtot
T ෼෍ [17]ɻόοΫά

ϥ΢ϯυͷώετάϥϜ͸ຌྫͷॱʹੵΈॏͶͯ͋Δɻ
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ਤ 13: H/A→ ττ ୳ࡧʹΑΔɼhMSSMγφϦΦͰͷύ

ϥϝʔλʹର͢Δ੍ݶ [17]ɻ

5 ඪ४໛ܕͷଌఆ

ώοάεཻࢠҎ֎ͷඪ४໛ࢠཻܕͷաఔʹ͍ͭͯ΋ɼ

ͦͷ͍ߴॏ৺ܥΤωϧΪʔͰͷཧ࿦ͷূݕͱͯ͠ଌఆ͕

ΔݟΘΕ͍ͯΔɻ͜ΕΒ͸ɼ͞Βʹཧ࿦͔ΒͷͣΕΛߦ

͜ͱͰɼඪ४໛ܕΛ௒͑Δ෺ཧͷؒ઀తͳূڌͱͳΔՄ

ೳੑ͕͋Δɻ·ͨɼ͜͏ͯ͠ಘΒΕͨύϥϝʔλΛཧ࿦

ʹϑΟʔυόοΫ͢Δ͜ͱʹΑΓɼ΄͔ͷ৽෺ཧ୳ࡧʹ

͓͚ΔόοΫάϥ΢ϯυͷϞσϦϯάΛ্ͤ͞޲Δ͜ͱ

ʹ΋ͳΔɻ

5.1 τοϓΫΥʔΫͷଌఆ

τοϓΫΥʔΫରͷੜ੒அ໘ੵ͸ɼͦͷΑ͏ͳଌఆ

ྔͷҰͭͰ͋ΔɻRun2Ͱ͸͢Ͱʹ eµνϟϯωϧ [18]

͓Αͼɼee/µµɼe/µʴδΣοτνϟϯωϧ [19] Ͱͷଌ

ఆ͕ߦΘΕ͓ͯΓɼeµνϟϯωϧͰͷਫ਼౓͕࠷΋ྑ͘ɼ

825± 50(stat)± 56(syst)± 83(lumi) pb ͱ 14%ͷ૬ର

ͰଌΒΕ͍ͯΔɻਤࠩޡ 14ʹɼͦͷ݁ՌΛ CMSͷଌ

ఆ݁Ռͱͱ΋ʹࣔ͢ɻಘΒΕͨ݁Ռ͸τοϓΫΥʔΫ࣭

ྔ 172.5 GeVΛԾఆͨ͠৔߹ͷ΋ͷͱແໃ६Ͱ͋Δɻ

 [pb]
tt

σ
400 600 800 1000 1200

ATLAS+CMS Preliminary  = 13 TeVs summary, 
tt

σWGtopLHC Nov 2015

NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC
 = 172.5 GeVtopm

scale uncertainty
 uncertaintySα⊕ PDF ⊕scale

total   stat

(lumi)±(syst)±(stat)±
tt

σ

* Preliminary

 *µATLAS, dilepton e
ATLAS-CONF-2015-049 -1=78 pbintL

 83 pb± 56 ± 50 ±829

 *µµATLAS, dilepton ee/
ATLAS-CONF-2015-049 -1=85 pbintL

 74 pb± 79 ± 57 ±749

ATLAS, l+jets *
ATLAS-CONF-2015-049 -1=85 pbintL

 88 pb± 103 ± 13 ±817

µCMS, dilepton e
arXiv:1510.05302 -1=42 pbintL

 92 pb± 55 ± 60 ±769

CMS, l+jets *
CMS-PAS TOP-15-005 -1=42 pbintL

 100 pb± 84 ± 27 ±836

ਤ 14: ॏ৺ܥΤωϧΪʔ 13 TeVͰͷτοϓΫΥʔΫର

ੜ੒அ໘ੵͷ ATLASͱ CMSͷଌఆ݁Ռɼ͓Αͼτο

ϓΫΥʔΫ࣭ྔ 172.5 GeVͰͷཧ࿦஋ [20]ɻ

τοϓΫΥʔΫରͷඍ෼அ໘ੵ΋·ͨɼॏཁͳଌఆ

ྔͰ͋ΔɻτοϓΫΥʔΫର͸ଟ͘ͷ৽෺ཧ୳ࡧʹ͓

͍ͯɼओͳόοΫάϥ΢ϯυͷҰͭͱͳΓɼ·ͨɼ஫໨

͍ͯ͠ΔΩωϚςΟΫε͸෼෍ͷ୺ʹҐஔ͍ͯ͠Δ͜
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ਤ 15: eµνϟϯωϧͰͷτοϓΫΥʔΫରࣄ৅ʹ͓͚

Δ pT > 25 GeVͷδΣοτ਺ͷσʔλͱ֤छϞϯςΧ

ϧϩγϛϡϨʔγϣϯͱͷൺֱ [21]ɻ

5.2 ͦͷ΄͔ͷඪ४໛ܕͷଌఆ

Run2ॳظͷ௿͍ϧϛϊγςΟͷσʔλ͸௿͍Τωϧ
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ਤ 16: ՙిཻࢠͷฏۉੜ੒਺ͷॏ৺ܥΤωϧΪʔґଘ

ੑͷଌఆ஋ͱ֤छϞσϧൺֱ [22]ɻ

WϘιϯɼZϘιϯͷੜ੒அ໘ੵͷଌఆ͸ɼQCDʴ

ిऑཧ࿦ͷ͍ߴਫ਼౓Ͱͷ݁ࢉܭՌͷূݕʹͳΔͱͱ΋

ʹɼͦΕΒͷൺ͸ PDFͷෆఆੑΛݮΒ্͢Ͱྗڧͳख

ஈͱͳΔɻਤ 17ʹɼWϘιϯɼZϘιϯͷੜ੒அ໘ੵ

ͷଌఆ݁ՌΛ NNLOͷ QCDʴ NLOͷిऑཧ࿦ͷܭ

ޡɼ10%ͷ૬ରࡏݱՌͱൺֱͨ͠΋ͷ͍ࣔͯ͠Δɻ݁ࢉ

ࠩͰଌఆ͕͞Ε͓ͯΓɼࠩޡͷൣғͰཧ࿦஋ͱҰகͯ͠

͍ΔɻҰํͰɼͦΕΒͷൺΛऔͬͨਤ 18Ͱ͸Ͳͷ PDF

ͱ΋ܥ౷తʹͣΕͨ݁Ռͱͳͬͨɻ͜ޙࠓͷ݁ՌΛ༻͍

ͯɼPDFͷਫ਼౓্޲ʹ໾ཱ͍ͯͯ͘ɻ

6 ·ͱΊ

Ҏ্ɼATLAS Run2ͰಘΒΕͨ݁ՌΛ͔͍ͭ·ΜͰ

঺հͨ͠ɻ৽෺ཧͷ୳ࡧʹ͓͍ͯ͸ɼRun1ΑΓ΋খ͍͞

ੵ෼ϧϛϊγςΟͳ͕Βɼॏ৺ܥΤωϧΪʔ૿ՃʹΑΓɼ

͢Ͱʹଟ͘ͷνϟϯωϧʹ͓͍ͯRun1Λ্ճΔ੍͕ݶ

෇͍͓ͯΓɼ2Ϙιϯڞ໐ঢ়ଶͷΑ͏ʹ Run1ͰݟΒΕ

ͨ௒աࣄ৅ʹ͍ͭͯɼ́ ΅ܾண͕͚ͭΒΕͨ΋ͷ΋͋Δɻ

ҰํͰɼ৽ͨʹඪ४໛͔ܕΒͷͣΕͱݟΒΕΔΑ͏ͳࣄ

৅͕͍ͯ͑ݟΔνϟϯωϧ΋͋Γɼ౷͔ͯ͑૿͕ܭΒͷ

఺Ͱ·ͩRun1Λ্࣌ݱΔɻͦͯ͠ɼ·ߴ଴͕ظʹূݕ

ճΔײ౓͸ͳ͍΋ͷͷɼRun2Ͱ࠷ऴతʹ༧ఆ͞Ε͍ͯ

Δੵ෼ϧϛϊγςΟΛ΋ͬͯ͢Ε͹ɼ࣮֬ʹ݁Ռ͕ظ଴

͞ΕΔώοάεཻࢠͷଌఆͳͲ΋͋ΔɻATLAS Run2

ͷޙࠓͷల։ʹ΋ɼͲ͏͔஫໨͍͖͍ͯͨͩͨ͠ɻ
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ਤ 15: eµνϟϯωϧͰͷτοϓΫΥʔΫରࣄ৅ʹ͓͚

Δ pT > 25 GeVͷδΣοτ਺ͷσʔλͱ֤छϞϯςΧ

ϧϩγϛϡϨʔγϣϯͱͷൺֱ [21]ɻ
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