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ΔͨΊɼͦݟΛࢠͷάϧʔΠʔϊ͔Βͷ่յཻྔ࣭ߴ

ΕΒͷཻ͔ࢠΒੜ͡Δେ͖ͳԣফࣦӡಈྔʢEmiss
T >

200 GeVʣɼpT > 200 GeVͷδΣοτ͕ 1ຊҎ্ɼpT >

100 GeVͷδΣοτ͕ 4 ຊҎ্Λཁޙͨ͠ٻͰɼ͞Βʹ

δΣοτͷԣӡಈྔͷεΧϥʔ࿨ meff = Emiss
T +

∑
pjetT

͕άϧʕΠʔϊͷ৴߸ࣄ৅ͱඪ४໛ܕ༝དྷͷόοΫά

ϥ΢ϯυΛ෼཭͢Δ্Ͱɼ༗ޮͳม਺ͱͳΔɻ͞Βʹά

ϧʔΠʔϊͷ่յཻࢠͷτϙϩδʔ͕όοΫάϥ΢ϯυ

ʹൺ΂ͯҰ༷ʹٿঢ়ʹ͕޿Δ͜ͱʹண໨͠ɼΞϓϥφϦ

ςΟ[2] ͱ͍͏ม਺Λಋೖ͠ɼRun1 ͷղੳ͔ΒͷվળΛ

ɻਤͨͬߦ 3 ʹ͜ͷ 4 δΣοτͷࣄ৅બ୒ΛޙͨͬߦͰ

ͷɼmeff ෼෍Λࣔ͢ɻ৴߸ྖҬʢmeff > 2200 GeVʣʹ

͓͍ͯɼ࣌ݱ఺Ͱ༗ҙͳ௒ա͸ݟΒΕ͓ͯΒͣɼͦͷ݁

Ռɼਤ 4 ͷΑ͏ʹɼ͢Ͱʹ Run1 Λ௒͑Δύϥϝʔλྖ

Ҭ͕٫͞غΕ͍ͯΔɻ͔͠͠ɼmeff = 2 TeV Λ௒͑Δ

Α͏ͳࣄ৅΋؍ଌ͞Ε͸͡Ί͓ͯΓɼޙࠓ౷ͯ͑૿͕ܭ

͔Βͷ୳͕ࡧॏཁͰ͋Δɻ
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ਤ 3: 0 Ϩϓτϯɼ4 δΣοτɼߴফࣦӡಈྔࣄ৅Ͱͷ

meff ෼෍ [3]ɻ
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ਤ 4: άϧʔΠʔϊରੜ੒ʹର͢Δ࣭ྔύϥϝʔλ΁ͷ

ݶ੍ [3]ɻ

2.2 ZʴδΣοτʴফࣦӡಈྔࣄ৅ͷূݕ

΋͏Ұͭॏཁͳղੳ͸ɼRun1 ͷ ATLAS ʹͯɼ3.0σ

(eeνϟϯωϧʣɼ1.7σ (µµ νϟϯωϧʣͷόοΫάϥ

΢ϯυ͔Βͷ௒աࣄ৅͕ݟΒΕ͍ͯͨ Z Ϙιϯʢ2 Ϩ

ϓτϯʣʴ 2 δΣοτʴߴফࣦӡಈྔͷऴঢ়ଶͷ୳ࡧͰ

͋Δ [4]ʢCMS ͔Β͸ಉ༷ͷ৴߸ྖҬͰͷ୳݁ࡧՌ͸

Run1 Ͱ͸ͳ͠ʣɻ͜Ε͕ɼ͍ڧ૬࡞ޓ༻͔Βੜ͡Δά

ϧʔΠʔϊͷΑ͏ͳཻࢠͷ่յաఔ͔Βੜ͍ͯ͡Δͱ

͢Ε͹ʢਤ 5ʣɼRun2 Ͱɼॏ৺ܥΤωϧΪʔ͕େ͖͘

ͳͬͨ͜ͱʹΑΓɼগͳ͍ੵ෼ϧϛϊγςΟͰ΋͑ݟ͸

͡ΊΔՄೳੑ͕͋ΔɻͦͷͨΊɼRun2 Ͱ΋ Run1 ͷղ

ੳΛ౿ऻ͠ɼ·ͬͨ͘ಉ͡ࣄ৅બ୒Λͯͬߦͷඪ४໛

ɻਤͨͬߦ༝དྷͷόοΫάϥ΢ϯυͷൺֱΛܕ 6 ͕ͦ

͏ͯ͠ಘΒΕͨࣄ৅ͷ 2 Ϩϓτϯͷෆม࣭ྔ (mℓℓ) Ҏ

֎ͷબ୒Λޙͨͬߦͷ mℓℓ ෼෍Ͱ͋ΓɼZ Ϙιϯ࣭ྔ

෇ۙʹ௒աࣄ৅͕ݟΒΕΔɻ࠷ऴతʹ৴߸ྖҬͱͯ͠ɼ

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

ଌʹରͯ͠ɼ21 ͷ؍ଌ஋͕ಘΒΕ͓ͯΓɼ·ͩɼ༗ҙ

ͱ͸͑ݴͳ͍΋ͷͷ 2.2σ ͷ௒աͱͳΔɻ·ͨɼࠓճ͸

eeɼµµ νϟϯωϧͰͦΕͧΕ 10ɼ11ͷࣄ৅͕؍ଌ͞Ε

͓ͯΓɼϑϨʔόʔؒͷରশੑ΋͍ߴɻ

͔͠͠ͳ͕ΒɼRun2 Ͱ͸ CMS ͔Β΋΄΅ಉ༷ͷࣄ

৅બ୒Λͨͬߦղੳ݁Ռ͕ग़͞Ε͓ͯΓ [5]ɼͦ͜Ͱ͸

༗ҙͳ௒ա͸ݟΒΕͳ͍ɻޙࠓɼ౷͔ͯ͑૿͕ܭΒͷ྆

ऀͷແໃ६౓ͷ֬ೝ͕ඞཁʹͳͬͯ͘Δɻ

ਤ 5: άϧʔΠʔϊର͔Βͷ Z Ϙιϯ΁ͷ่յաఔͷྫɻ
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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૊Μͩෆม࣭ྔ mJJ ʹ͓͍ͯ 2 TeV ෇ۙ

ʹσʔλͷ௒ա͕ݟΒΕɼ஫໨͕ू·ͬͨɻ΄͔ͷऴঢ়

ଶ΋Ճ͑ͨޙͷඪ४໛͔ܕΒͷͣΕ͸ WZ νϟϯωϧ

ʹ͓͍ͯɼ2.5σ ʹ΋ͳΓɼRun2 Ͱͷ͕ূݕ଴ͨΕ͍ͯ

ͨɻRun2 Ͱࠓͷͱ͜ΖಘΒΕͨੵ෼ϧϛϊγςΟ͸ɼ

Run1 Ͱ࠷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 = 1.0 ͷେ͖͍αΠζͷ

δΣοτΛ༻͍Δɻਤ 7 ʹɼ͜ͷδΣοτʹϘιϯʢW

·ͨ͸ Zʣͷ࣭ྔΛཁ͠ٻɼ͞ΒʹͦΕΒ 2 ຊͷδΣο

τ͔Β૊Μͩෆม࣭ྔͷ෼෍Λࣔ͢ɻ͝ཡͷΑ͏ʹɼݱ

ঢ়ɼ2 TeV ෇ۙʹ༗ҙͳ௒աࣄ৅͸ݟΒΕͳ͍ɻਤ 7 ͸

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

Β૊Μͩෆม࣭ྔͷσʔλͷࣄ৅਺͓ΑͼϑΟοτ͔Β

ΊͨόοΫάϥ΢ϯυͷ෼෍ٻ [7]ɻ

͜ΕΑΓɼͨͱ͑͹ɼW’" WZͷੜ੒அ໘ੵʹ੍ݶΛ

෇͚ͨ݁Ռ͕ਤ 8 Ͱ͋ΔɻmW ′ = 2 TeV Ͱ͸ɼ40 fb ͷ

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

√
(! ! )2 + (! y)2 Ͱఆٛ

͞ΕΔɻ

ಘΒΕ͍ͯΔɻ͜ΕΛRun1ͷATLASͷ݁Ռ͕ݶ੍ [8]

ͱൺֱ͢ΔͱɼW’" WZ Ͱ͸ɼ50 fb ͷ੍ݶͱͳ͍ͬͯ

Δɻ͜Εʹ͞Βʹ 8 TeV ͔Β 13 TeV Ͱͷੜ੒அ໘ੵͷ

૿ՃΛྀ͢ߟΔͱɼ͢Ͱʹ Run1 Ͱͷ௒աΛઆ໌Ͱ͖ͳ

͘ͳ͍ͬͯΔɻ
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ਤ 8: W’" WZ ͷੜ੒அ໘ੵʹର͢Δ੍ݶ [7]ɻ

ͦͷ΄͔ɼWW,WZ" ℓνqq [9]ɼZW,ZZ" ℓℓqq,ννqq

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

໐ঢ়ଶͷ୳ࡧ΋͢Ͱʹ Run2 ͰߦΘΕ͕ͨɼ͍ͣΕʹ͓

͍ͯ΋ඪ४໛ܕͷόοΫάϥ΢ϯυ͔Βͷ༗ҙͳ௒ա͸

ΒΕ͍ͯͳ͍ɻݟ

3.2 ͦͷ΄͔ͷڞ໐ঢ়ଶͷ୳ࡧ

Run2 Ͱͷ୳ࡧʹ͓͍ͯ 2 ৅͕ࣄ໐ঢ়ଶʹ௒աڞࢠޫ

΋ʹࡧ໐ঢ়ଶͷ୳ڞΒΕ͍ͯΔ͜ͱ͔Βɼͦͷ΄͔ͷݟ

஫໨͕ू·͍ͬͯΔɻ2δΣοτڞ໐ঢ়ଶͷ୳ࡧͰ͸ɼά

ϧʵΦϯ΍ΫΥʔΫ͔ΒͷδΣοτΛݟΔͨΊɼR = 0.4

ͷখ͍͞൒ܘύϥϝʔλͰߏ࠶੒ͨ͠ 2 ຊͷδΣοτͷ

ෆม࣭ྔʢmjj ʣ෼෍Ͱͷ୳ࡧΛ͕ͨͬߦɼਤ 9 ͷΑ͏

ʹɼඪ४໛͔ܕΒͷ༗ҙͳͣΕ͸ݟΒΕͳ͍ɻ

͜ͷ 2ຊδΣοτͷϥϐσΟςΟͷࠩ y∗ = (y1 # y2)/2

͔Βɼχ = e2|y∗| ͱ͍͏ྔΛఆٛ͢ΔͱɼϥϐσΟςΟ

͕ Lorentz ෆมͰ͋Δ͜ͱ͔Βɼ͜Ε͸ 2 ຊͷδΣοτ

ͷॏ৺ܥͰ΋౳͘͠ɼ·ͨɼॏ৺ܥͰͷϏʔϜ͔࣠Βͷ

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

Δɻඪ४ཧ࿦༝དྷͷόοΫάϥ΢ϯυ͸ t-channel Ͱੜ

੒͞ΕΔάϧʵΦϯ͕େ൒Ͱ͋ΔͨΊɼੜ੒அ໘ੵ͸ χ

ʹΑΒͣ΄΅ҰఆʹͳΔͷʹର͠ɼ৽ཻ͕ࢠ s-channel

Ͱੜ੒͞ΕΔͱɼ͔ͦ͜ΒͷͣΕ͕ظ଴͞ΕΔɻਤ 10

͸ɼχ ΛҟͳΔ mjj Ͱ੾Γͩͨ͠ͱ͖ͷ؍ଌ஋ͱඪ४໛

!"#
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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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0.04

0.06  < 2.8 TeVjj2.5 < m
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0.04

0.06  < 4.0 TeVjj3.4 < m
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0.04

0.06  < 3.4 TeVjj3.1 < m

0.02
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0.06  < 5.4 TeVjj4.6 < m
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0.04

0.06  < 4.6 TeVjj4.0 < m

!
1/

N
 d

N
/d

0.02

0.04

0.06

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 ඪ४໛ܕώοάεͷଌఆ

�Î�¿�¬�µ�{� �x Run1 �p
C�_�^�•�|�f�w�™	Ä�I�s����
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ª

	j�Û���w�U	Â�S�‘�|
ª	j�Û���T�’�w�c�•�w�s�g�U�8�4�^

�•�”�{�‡�h�| Run1 �p�°
C�_�w�H�u�a���w�s�g�‹�¾�V��

�V	O�A�s�]�J�q�s�l�o�M�”�{ 125 GeV�w�Î�¿�¬�µ�{� �w
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ਤ 13: H/A! ! ! ୳ࡧʹΑΔɼhMSSMγφϦΦͰͷύ

ϥϝʔλʹର͢Δ੍ݶ [17]ɻ

5 
ª	j�Û���w����
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ͦͷ͍ߴॏ৺ܥΤωϧΪʔͰͷཧ࿦ͷূݕͱͯ͠ଌఆ͕

ΔݟΘΕ͍ͯΔɻ͜ΕΒ͸ɼ͞Βʹཧ࿦͔ΒͷͣΕΛߦ

͜ͱͰɼඪ४໛ܕΛ௒͑Δ෺ཧͷؒ઀తͳূڌͱͳΔՄ
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͓͚ΔόοΫάϥ΢ϯυͷϞσϦϯάΛ্ͤ͞޲Δ͜ͱ

ʹ΋ͳΔɻ
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ͰଌΒΕ͍ͯΔɻਤࠩޡ 14ʹɼͦͷ݁ՌΛ CMSͷଌ

ఆ݁Ռͱͱ΋ʹࣔ͢ɻಘΒΕͨ݁Ռ͸τοϓΫΥʔΫ࣭

ྔ 172.5 GeVΛԾఆͨ͠৔߹ͷ΋ͷͱແໃ६Ͱ͋Δɻ
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ਤ 14: ॏ৺ܥΤωϧΪʔ 13 TeVͰͷτοϓΫΥʔΫର

ੜ੒அ໘ੵͷ ATLASͱ CMSͷଌఆ݁Ռɼ͓Αͼτο

ϓΫΥʔΫ࣭ྔ 172.5 GeVͰͷཧ࿦஋ [20]ɻ
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