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ΔͨΊɼͦݟΛࢠͷάϧʔΠʔϊ͔Βͷ่յཻྔ࣭ߴ

ΕΒͷཻ͔ࢠΒੜ͡Δେ͖ͳԣফࣦӡಈྔʢEmiss
T >

200 GeVʣɼpT > 200 GeVͷδΣοτ͕ 1ຊҎ্ɼpT >

100 GeVͷδΣοτ͕ 4 ຊҎ্Λཁޙͨ͠ٻͰɼ͞Βʹ

δΣοτͷԣӡಈྔͷεΧϥʔ meff = Emiss
T +

∑
pjetT

͕άϧʕΠʔϊͷ৴߸ࣄͱඪ४ܕ༝དྷͷόοΫά

ϥϯυΛ͢Δ্Ͱɼ༗ޮͳมͱͳΔɻ͞Βʹά

ϧʔΠʔϊͷ่յཻࢠͷτϙϩδʔ͕όοΫάϥϯυ

ʹൺͯҰ༷ʹٿঢ়ʹ͕Δ͜ͱʹண͠ɼΞϓϥφϦ

ςΟ[2] ͱ͍͏มΛಋೖ͠ɼRun1 ͷղੳ͔ΒͷվળΛ

ɻਤͨͬߦ 3 ʹ͜ͷ 4 δΣοτͷࣄબΛޙͨͬߦͰ

ͷɼmeff Λࣔ͢ɻ৴߸ྖҬʢmeff > 2200 GeVʣʹ

͓͍ͯɼ࣌ݱͰ༗ҙͳաݟΒΕ͓ͯΒͣɼͦͷ݁

Ռɼਤ 4 ͷΑ͏ʹɼ͢Ͱʹ Run1 Λ͑Δύϥϝʔλྖ

Ҭ͕٫͞غΕ͍ͯΔɻ͔͠͠ɼmeff = 2 TeV Λ͑Δ

Α͏ͳࣄ؍ଌ͞Ε͡Ί͓ͯΓɼޙࠓ౷ͯ͑૿͕ܭ

͔Βͷ୳͕ࡧॏཁͰ͋Δɻ
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ਤ 3: 0 Ϩϓτϯɼ4 δΣοτɼߴফࣦӡಈྔࣄͰͷ
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ਤ 4: άϧʔΠʔϊରੜʹର͢Δ࣭ྔύϥϝʔλͷ

ݶ੍ [3]ɻ

2.2 ZʴδΣοτʴফࣦӡಈྔࣄͷূݕ

͏ҰͭॏཁͳղੳɼRun1 ͷ ATLAS ʹͯɼ3.0σ

(eeνϟϯωϧʣɼ1.7σ (µµ νϟϯωϧʣͷόοΫάϥ

ϯυ͔Βͷաࣄ͕ݟΒΕ͍ͯͨ Z Ϙιϯʢ2 Ϩ

ϓτϯʣʴ 2 δΣοτʴߴফࣦӡಈྔͷऴঢ়ଶͷ୳ࡧͰ

͋Δ [4]ʢCMS ͔Βಉ༷ͷ৴߸ྖҬͰͷ୳݁ࡧՌ

Run1 Ͱͳ͠ʣɻ͜Ε͕ɼ͍ڧ૬࡞ޓ༻͔Βੜ͡Δά

ϧʔΠʔϊͷΑ͏ͳཻࢠͷ่յաఔ͔Βੜ͍ͯ͡Δͱ

͢Εʢਤ 5ʣɼRun2 Ͱɼॏ৺ܥΤωϧΪʔ͕େ͖͘

ͳͬͨ͜ͱʹΑΓɼগͳ͍ੵϧϛϊγςΟͰ͑ݟ

͡ΊΔՄੑ͕͋ΔɻͦͷͨΊɼRun2 Ͱ Run1 ͷղ

ੳΛ౿ऻ͠ɼ·ͬͨ͘ಉ͡ࣄબΛͯͬߦͷඪ४

ɻਤͨͬߦ༝དྷͷόοΫάϥϯυͷൺֱΛܕ 6 ͕ͦ

͏ͯ͠ಘΒΕͨࣄͷ 2 Ϩϓτϯͷෆม࣭ྔ (mℓℓ) Ҏ

֎ͷબΛޙͨͬߦͷ mℓℓ Ͱ͋ΓɼZ Ϙιϯ࣭ྔ

ۙʹաࣄ͕ݟΒΕΔɻ࠷ऴతʹ৴߸ྖҬͱͯ͠ɼ

81 GeV< mℓℓ <101 GeVͰͷࣄ 10.3± 2.3 ͷ༧

ଌʹରͯ͠ɼ21 ͷ؍ଌ͕ಘΒΕ͓ͯΓɼ·ͩɼ༗ҙ

ͱ͑ݴͳ͍ͷͷ 2.2σ ͷաͱͳΔɻ·ͨɼࠓճ

eeɼµµ νϟϯωϧͰͦΕͧΕ 10ɼ11ͷࣄ͕؍ଌ͞Ε

͓ͯΓɼϑϨʔόʔؒͷରশੑ͍ߴɻ

͔͠͠ͳ͕ΒɼRun2 Ͱ CMS ͔Β΄΅ಉ༷ͷࣄ

બΛͨͬߦղੳ݁Ռ͕ग़͞Ε͓ͯΓ [5]ɼͦ͜Ͱ

༗ҙͳաݟΒΕͳ͍ɻޙࠓɼ౷͔ͯ͑૿͕ܭΒͷ྆

ऀͷແໃ६ͷ֬ೝ͕ඞཁʹͳͬͯ͘Δɻ

ਤ 5: άϧʔΠʔϊର͔Βͷ Z Ϙιϯͷ่յաఔͷྫɻ
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ਤ 6: 2 Ϩϓτϯɼ2 δΣοτɼߴফࣦӡಈྔࣄͰͷ

mℓℓ  [6]ɻ

3

3 ඪ४ܕΛ͑ͨཧͷ୳ࡧ

ͦͷ΄͔ͷඪ४ܕΛ͑ͨཧͷ୳ࡧͰɼ༷ʑͳ

ɼϞσϧࡧ໐ঢ়ଶͷ୳ڞओʹͳΔɻ͕ࡧ໐ঢ়ଶͷ୳ڞ

ͷґଘੑ͕খ͘͞ɼ৽ཧͷ୳ࡧʹ͓͍ͯɼඇৗʹڧ

ྗͳखஈͱͳΔɻ

3.1 2Ϙιϯڞ໐ঢ়ଶͷ୳ࡧ

Run1 ͷղੳͰɼϘιϯͷ่յ͔Βੜͨ͡ 2 ຊͷ

δΣοτ͔ΒΜͩෆม࣭ྔ mJJ ʹ͓͍ͯ 2 TeV ۙ

ʹσʔλͷա͕ݟΒΕɼ͕ू·ͬͨɻ΄͔ͷऴঢ়

ଶՃ͑ͨޙͷඪ४͔ܕΒͷͣΕ WZ νϟϯωϧ

ʹ͓͍ͯɼ2.5σ ʹͳΓɼRun2 Ͱͷ͕ূݕͨΕ͍ͯ

ͨɻRun2 Ͱࠓͷͱ͜ΖಘΒΕͨੵϧϛϊγςΟɼ

Run1 Ͱ࠷ऴతʹಘΒΕͨ 20 fb−1ʢ
!
s = 8 TeV) ͱ

ൺͯখ͍͕͞ɼຊͷ৽ཻࢠͷ৴߸Ͱ͋ΔͳΒɼ্

Ͱड़ͨΑ͏ʹॏ৺ܥΤωϧΪʔ͕େ͖͘ͳͬͨ͜ͱʹ

Αͬͯੜஅ໘ੵ͕େ͖͘ͳΓɼ͢Ͱʹಉఔͷ৴߸͕

͞ΕΔɻظ

͜ͷղੳͰɼϋυϩχοΫ่յͨ͠ϘιϯΛߏ࠶

͢ΔͨΊɼܘύϥϝʔλ1R = 1.0 ͷେ͖͍αΠζͷ

δΣοτΛ༻͍Δɻਤ 7 ʹɼ͜ͷδΣοτʹϘιϯʢW

·ͨ Zʣͷ࣭ྔΛཁ͠ٻɼ͞ΒʹͦΕΒ 2 ຊͷδΣο

τ͔ΒΜͩෆม࣭ྔͷΛࣔ͢ɻ͝ཡͷΑ͏ʹɼݱ

ঢ়ɼ2 TeV ۙʹ༗ҙͳաࣄݟΒΕͳ͍ɻਤ 7 

WZ ͷ߹Ͱ͋Δ͕ɼWWɼZZ ͷ߹ಉ༷Ͱ͋Δɻ
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ਤ 7: W ͓Αͼ Z Ϙιϯ࣭ྔΛͨͬ࣋ 2 ຊͷδΣοτ͔

ΒΜͩෆม࣭ྔͷσʔλͷࣄ͓ΑͼϑΟοτ͔Β

ΊͨόοΫάϥϯυͷٻ [7]ɻ

͜ΕΑΓɼͨͱ͑ɼW’" WZͷੜஅ໘ੵʹ੍ݶΛ

͚ͨ݁Ռ͕ਤ 8 Ͱ͋ΔɻmW ′ = 2 TeV Ͱɼ40 fb ͷ

1ܘύϥϝʔλ R ͷڑɼϏʔϜ࣠·ΘΓͷํҐ֯ͷࠩ ! !
ͱϥϐσΟςΟͷࠩ ! y Λ༻͍ͯ ! R =

√
(! ! )2 + (! y)2 Ͱఆٛ

͞ΕΔɻ

ಘΒΕ͍ͯΔɻ͜ΕΛRun1ͷATLASͷ݁Ռ͕ݶ੍ [8]

ͱൺֱ͢ΔͱɼW’" WZ Ͱɼ50 fb ͷ੍ݶͱͳ͍ͬͯ

Δɻ͜Εʹ͞Βʹ 8 TeV ͔Β 13 TeV Ͱͷੜஅ໘ੵͷ

૿ՃΛྀ͢ߟΔͱɼ͢Ͱʹ Run1 ͰͷաΛઆ໌Ͱ͖ͳ

͘ͳ͍ͬͯΔɻ
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ਤ 8: W’" WZ ͷੜஅ໘ੵʹର͢Δ੍ݶ [7]ɻ

ͦͷ΄͔ɼWW,WZ" ℓνqq [9]ɼZW,ZZ" ℓℓqq,ννqq

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

໐ঢ়ଶͷ୳ࡧ͢Ͱʹ Run2 ͰߦΘΕ͕ͨɼ͍ͣΕʹ͓

͍ͯඪ४ܕͷόοΫάϥϯυ͔Βͷ༗ҙͳա

ΒΕ͍ͯͳ͍ɻݟ

3.2 ͦͷ΄͔ͷڞ໐ঢ়ଶͷ୳ࡧ

Run2 Ͱͷ୳ࡧʹ͓͍ͯ 2 ͕ࣄ໐ঢ়ଶʹաڞࢠޫ

ʹࡧ໐ঢ়ଶͷ୳ڞΒΕ͍ͯΔ͜ͱ͔Βɼͦͷ΄͔ͷݟ

͕ू·͍ͬͯΔɻ2δΣοτڞ໐ঢ়ଶͷ୳ࡧͰɼά

ϧʵΦϯΫΥʔΫ͔ΒͷδΣοτΛݟΔͨΊɼR = 0.4

ͷখ͍͞ܘύϥϝʔλͰߏ࠶ͨ͠ 2 ຊͷδΣοτͷ

ෆม࣭ྔʢmjj ʣͰͷ୳ࡧΛ͕ͨͬߦɼਤ 9 ͷΑ͏

ʹɼඪ४͔ܕΒͷ༗ҙͳͣΕݟΒΕͳ͍ɻ

͜ͷ 2ຊδΣοτͷϥϐσΟςΟͷࠩ y∗ = (y1 # y2)/2

͔Βɼχ = e2|y∗| ͱ͍͏ྔΛఆٛ͢ΔͱɼϥϐσΟςΟ

͕ Lorentz ෆมͰ͋Δ͜ͱ͔Βɼ͜Ε 2 ຊͷδΣοτ

ͷॏ৺ܥͰ͘͠ɼ·ͨɼॏ৺ܥͰͷϏʔϜ͔࣠Βͷ

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

Δɻඪ४ཧ༝དྷͷόοΫάϥϯυ t-channel Ͱੜ

͞ΕΔάϧʵΦϯ͕େͰ͋ΔͨΊɼੜஅ໘ੵ χ

ʹΑΒͣ΄΅ҰఆʹͳΔͷʹର͠ɼ৽ཻ͕ࢠ s-channel

Ͱੜ͞ΕΔͱɼ͔ͦ͜ΒͷͣΕ͕ظ͞ΕΔɻਤ 10

ɼχ ΛҟͳΔ mjj ͰΓͩͨ͠ͱ͖ͷ؍ଌͱඪ४

!"#
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1 2 3 4 5 6 10 20

 !
1 2 3 4 5 6 10 20 30
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0.06  < 3.1 TeVjj2.8 < m
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!
1/

N
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N
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0.08  > 5.4 TeVjjm Data SM

 = 12 TeV" = +1, 
LL

#CI, 

 = 17 TeV" =  -1, 
LL

#CI, 

= 8.0 TeVthMQBH (QBH), 

Theoretical uncertainties

Total uncertainties

ATLAS
-1 = 13 TeV, 3.6 fbs
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4 ώοάεཻࢠͷଌఆɾ୳ࡧ

4.1 ඪ४ܕώοάεͷଌఆ
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͍ Run2 ॳ͔ظΒײ͕͍ߴɻ2 ͭͷλཻํ͕྆ࢠ
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ਤ 12: ! had ! had νϟϯωϧͰͷmtot
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ਤ 13: H/A! ! ! ୳ࡧʹΑΔɼhMSSMγφϦΦͰͷύ

ϥϝʔλʹର͢Δ੍ݶ [17]ɻ

5 ª	j�Û���w����

ώοάεཻࢠҎ֎ͷඪ४ࢠཻܕͷաఔʹ͍ͭͯɼ

ͦͷ͍ߴॏ৺ܥΤωϧΪʔͰͷཧͷূݕͱͯ͠ଌఆ͕

ΔݟΘΕ͍ͯΔɻ͜ΕΒɼ͞Βʹཧ͔ΒͷͣΕΛߦ

͜ͱͰɼඪ४ܕΛ͑ΔཧͷؒతͳূڌͱͳΔՄ

ੑ͕͋Δɻ·ͨɼ͜͏ͯ͠ಘΒΕͨύϥϝʔλΛཧ

ʹϑΟʔυόοΫ͢Δ͜ͱʹΑΓɼ΄͔ͷ৽ཧ୳ࡧʹ

͓͚ΔόοΫάϥϯυͷϞσϦϯάΛ্ͤ͞Δ͜ͱ

ʹͳΔɻ

5.1 �Ä�¿�Ó�«�¥�”�«�w����

τοϓΫΥʔΫରͷੜஅ໘ੵɼͦͷΑ͏ͳଌఆ

ྔͷҰͭͰ͋ΔɻRun2Ͱ͢Ͱʹ eµνϟϯωϧ [18]

͓Αͼɼee/µµɼe/µʴδΣοτνϟϯωϧ [19] Ͱͷଌ

ఆ͕ߦΘΕ͓ͯΓɼeµνϟϯωϧͰͷਫ਼͕࠷ྑ͘ɼ

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

ͰଌΒΕ͍ͯΔɻਤࠩޡ 14ʹɼͦͷ݁ՌΛ CMSͷଌ

ఆ݁Ռͱͱʹࣔ͢ɻಘΒΕͨ݁ՌτοϓΫΥʔΫ࣭

ྔ 172.5 GeVΛԾఆͨ͠߹ͷͷͱແໃ६Ͱ͋Δɻ
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ਤ 14: ॏ৺ܥΤωϧΪʔ 13 TeVͰͷτοϓΫΥʔΫର

ੜஅ໘ੵͷ ATLASͱ CMSͷଌఆ݁Ռɼ͓Αͼτο

ϓΫΥʔΫ࣭ྔ 172.5 GeVͰͷཧ [20]ɻ
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͍ͯɼओͳόοΫάϥϯυͷҰͭͱͳΓɼ·ͨɼ
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ਤ 15: eµ νϟϯωϧͰͷτοϓΫΥʔΫରࣄʹ͓͚
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