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ҷ 1 א ّࣝфྤئ१஻҈ӆ

ǉ 1ˇ ֪̾Šఁ̖ࡘجƟǕ

1.1 ֪̾ƟǕ

ӆд໯۱ѓ 2015 年ф 2016 年 ATLAS ෬ּॆ࠻ओϡڱКڍ能֝Ћ 13 TeV

ϡّࣝ䩟ٕङ޵իഡڈ者෬۔ॆ࠻ԟҪؽ作Зϡّࣝ䩟Էۯд݊֏Ћ 36.1 fb−1䦚

Է中䩟2015 年ф 2016 年ϡּّࣝओєୂҒ֘ 1.1所ܾ䦚

(a) (b)

֘ 1.1 ATLASּّࣝओєୂ：(a) 2015年䩟(b) 2016年䦚

1.2 ఁ̖ࡘجƟǕ
1.2.1 Ʊ̸ƟǕ

Ҟً҈ӆدଭҖ҇থࡿ䩟д别Ћ۴ܨট粒⼦ц䩛gg → (X)→ hh䩜ф类۴ܨ

ট粒⼦ц (gg → X → SS)䦚

1.2.1.1 gg → (X)→ hh

1. SM Ҟً䩛ۘ࢕ዄݮথܴ䩜, س gg → hh, ۱ѓدଭ NLO ۴ܨהԜϡࢗ

ট粒⼦থࡿ [1] 䩟Ϩ MadGraph5_aMC@NLO [2, 3] 中ݘТ䦚ԷݘТ္ӌЋ 33.4

fb [4, 5]䩟ߎഒϦ NNLO QCD Ԝфࢗ including resummation of soft-gluon emission

at next-to-next-to-leading-logarithmic (NNLL) accuracy for mH = 125.09 GeV䦚

2. থܴ䩛ggݮዄ࢕ → X → hh䩜Ї۱ѓدଭ NLO Ԝϡࢗ 2HDMCP_EFT ϡҞ

ًথࡿ [6]䩟Ϩ MadGraph5_aMC@NLO 中ݘТ䦚Է中Գ֝ࡣ粒⼦ X䩟࢕سዄݮ

粒⼦䩟ҩࡢޕ޳ϩ׾Щӊӥؘࡑ֏ϡᆽԸஞ֏䩮Ϩӥকথሶ中䩟Էஞ֏ޕЋ 10

MeV䩟ߎ׍ഒףϬ֝ڱѢ䩟д别Ћ 260 GeV, 300 GeV, 400 GeVф 500 GeV䦚ױР

Ћޕ޳Т္ӌݘࡄ 1 pb䦚

1
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DSID lepton charge mX [GeV] Num. Events Simulation e/a/s/r/p-tags

344133 ++ Non-res 500000 AFII e5060, a766, a821, r7676, p2949

344134 −− Non-res 500000 AFII e5060, a766, a821, r7676, p2949

343704 ++ 260 100000 AFII e5234, a766, a821, r7676, p2949

343712 −− 260 100000 AFII e5234, a766, a821, r7676, p2949

343706 ++ 300 100000 AFII e5234, a766, a821, r7676, p2949

343714 −− 300 100000 AFII e5234, a766, a821, r7676, p2949

343709 ++ 400 100000 AFII e5153, a766, a821, r7676, p2949

343717 −− 400 100000 AFII e5153, a766, a821, r7676, p2949

343711 ++ 500 100000 AFII e5153, a766, a821, r7676, p2949

343719 −− 500 100000 AFII e5234, a766, a821, r7676, p2949

ԣ 1.1 Summary of the MC hh samples which have been produced for study.

ҖϬ۴ܨট粒⼦୐ҩϴؒᆽԸϺ W ᆂա⼦ц䩟ڦњ䩟Է中ҖϬ W+(W−) ҩϴ

ؒᆽԸϺڴ⼦䩛د၉ τ䩜䩟ґࡔҖϬ W−(W+) जϺמ⼦ц䦚ϸϣ࠶ڍᆽԸ֡Р

Herwig++ [7] ӥѴ䩟Їد၉ڦњϡ showering ф٩⼦מРࡄ䩟ԷᆽԸдݒԝЋ

BR(hh → 4W → ℓ±νℓ±qqqq) = 4.4 × 10−3䦚Җ҇থܴϡҞً҈ӆϡݘТєୂւֲ

Ғԣ 1.1所ܾ䦚

1.2.1.2 gg → X → SS

gg → X → SS ۱ѓ Pythia 8 Ϩ LO ႒ݘТ䩟PDF Ћ A14NNPDF2.3LO䩟থࡿ

Ћ HiggsBSM:gg2A3䩟X ф S ୐ࡢޕ޳ϩ׾Щӊӥࡑдᗙଛϡஞ֏䩟ЋٿІڱ

֝ϡ 1%䦚与 gg → (X) → hh 类ঐ䩟S ҩϴؒᆽԸϺҖϬ W ᆂա⼦䩟Է中ҖϬ

W+(W−) ҩϴؒᆽԸϺڴ⼦䩛د၉ τ䩜䩟ґࡔҖϬ W−(W+) जϺמ⼦ц䦚ڦњϡ

showeringhe ۥЇࡄ٩Р⼦מ Pythia 8 ӥѴ䦚mX ф mS Џٍࡺש 4W ઃݮ能ޢз

ࣸЯ䦚ӎ҈ϡ䩟gg → X → SS ္ӌޕ޳Ћ 1 pb䩟ґ BR(S → WW) ज࣊༌ӊ mS䩟

ԝݒѢϡᆽԸд֝ڱ۴ট粒⼦ϨϤӎܨس [8]䦚ԣ 1.2ւֲϦױҞً҈ӆݘТє

ୂ䦚

1.2.2 ӺբƟǕ

Єᆂա⼦䩛VV/VVV䩜ф Vγ҈ӆ֡Р Sherpa 2.1 [9]ϨNLO႒ݘТ䩮V + jets

ज֡Р Sherpa 2.2ϨNLO႒ݘТ䩟ױҖ҇Рࡄ୐ಈѓCT10 PDF䦚V H ۱ѓ Pythia 8

Ϩ LO ႒ݘТ䩟ಈѓ NNPDF2.3LO PDF䦚tt̄ ֡Р Powheg-Box 2.0 [10] Ϩ NLO ႒

ခϺتТ䩟ґњݘ Pythia 8 ՖҲ parton showering ф٩⼦מথሶ䩟ಈѓ PDF Ћ

2
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Charge mX mS BR(two SS leptons) DSID Nevents

++

280 GeV 135 GeV 1.47 × 10−2 344927 25000

300 GeV 135 GeV 1.535 × 10−2 344928 25000

320 GeV 135 GeV 1.535 × 10−2 344930 25000

340 GeV 135 GeV 1.535 × 10−2 344933 25000

340 GeV 145 GeV 3.454 × 10−2 344934 25000

340 GeV 155 GeV 6.049 × 10−2 344935 24000

340 GeV 165 GeV 8.842 × 10−2 344936 25000

−−

280 GeV 135 GeV 1.47 × 10−2 344937 25000

300 GeV 135 GeV 1.535 × 10−2 344938 25000

320 GeV 135 GeV 1.535 × 10−2 344940 25000

340 GeV 135 GeV 1.535 × 10−2 344943 25000

340 GeV 145 GeV 3.454 × 10−2 344944 24000

340 GeV 155 GeV 6.049 × 10−2 344945 25000

340 GeV 165 GeV 8.842 × 10−2 344946 25000

ԣ 1.2 Summary of the MC X → SS signal samples used.
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NNPDF2.3LO䦚单ৌᆋࡽРࡄ䩛t + X䩜ӎ҈֡Р Powheg-Box 2.0Ϩ NLO႒ݘТ䩟

ԔتခϺ Pythia 6.4 [11]ՖҲњ۟থሶ䩟ಈѓ PDFजЋ CT10䦚tt̄V ҈ӆजϨ NLO

႒֡РMadGraph5_aMC@NLO +Pythia Т䩟ಈѓݘ8 PDFЋ NNPDF2.3LO䦚tt̄H

҈ӆ֡Р MadGraph5_aMC@NLO +Herwig++ Т䩟PDFݘ Ћ NNPDF3.0 [12]䦚Ѹ

ЄԮӊϸԈࠧ࢓РࡄϡݘТߵথሶРࡄНߎ܀ҹຸ [13–15]䦚
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ǉ 2ˇ Ƃૼᒖ˞ŠƱ̸џ͔

2.1 நŔഡȍӍᒖ˞

2.1.1 Object definitions in 4W

粒⼦პ别ᗆိ ATLAS ϣડԵࡄ䩟Ғڝא ??所਎䦚цӊ 4W д໯䩟Ֆϣ܌ϡ

粒⼦ᣩֺשխւֲҒԣ 2.1所ܾ䦚

粒⼦ խֺࡺש

Baseline Tight

ӈ⼦

ET > 10 GeV TightLH ID

|η | < 2.47䩟ٕङ 1.37< |η | <1.52 ҽ߇ FixedCutTight

LooseLH ID, Loose isolation 䩛Econe20
T /pT <0.06, pvarcone20T /pT <0.06䩜

|z0 sin θ | < 0.5 mm䩟d0/σ(d0) < 5

µ

pT > 10 GeV Tight ID

|η | < 2.5 FixedCutTightTrackOnly

Loose ID, Loose isolation 䩛pvarcone20T /pT <0.06䩜

|z0 sin θ | < 0.5 mm䩟d0/σ(d0) < 3

Jet
pT > 25 GeV, |η | < 2.5

|JVT|<0.59 if pT < 60 GeV and |η | < 2.4

MET Emiss,TRK
T

ԣ 2.1 4W物理д໯粒⼦ᣩֺשխւֲ

2.1.2 Overlap removal

ҮР粒⼦ऴކ䩛baseline䩜ᣩשҏњ䩟ЋϦՖϣ࢙خ܌ЬϩணԳࠃϡԳߒ粒

⼦䩟专՟ϡ overlap removalؑϴԟю䦚؎д໯中ϡ overlap removalւֲҒԣ 2.2所

ܾ䦚
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Keep Remove Cone size (∆R)

muon electron 0.1

electron electron(lower pT ) 0.1

electron jet 0.3

jet muon min(0.4, 0.04+10[GeV]/pT (µ))

ԣ 2.2 Overlap removal in 4W analysis.

2.2 Ƃૼᒖ˞

2.2.1 ˞ϳᒖح

所שѨຎ׏Ӿ֡РҒЎ२܌ᣩֺשխ：

• GRL
2015 data: data15_13TeV.periodAllYear_DetStatus-v79-repro20-02

_DQDefects-00-02-02_PHYS_StandardGRL_All_Good_25ns.xml

2016 data: data16_13TeV.periodAllYear_DetStatus-v88-pro20-21

_DQDefects-00-02-04_PHYS_StandardGRL_All_Good_25ns.xml
• Event cleaning criteria: cleaning for Tile corrupted events, LAr noise bursts

and corrupted data

• Vertex criteria: events are required to contain at least one primary vertex with

≥ 2 associated tracks. The detailed selection on the vertex can be found in [? ]

• Trigger:

цӊ 2015 年ّࣝ䩟߿ٶйЎڗϣ trigger：

– Single lepton triggers:

* HLT_mu20_iloose_L1MU15

* HLT_mu50

* HLT_e24_lhmedium_L1EM20VH

* HLT_e60_lhmedium

* HLT_e120_lhloose

– Dilepton triggers:

* HLT_2e12_lhloose_L12EM10VH

* HLT_e17_lhloose_mu14

* HLT_mu18_mu8noL1

цӊ 2016 年ّࣝ䩟߿ٶйЎڗϣ trigger：

– Single lepton triggers:

6
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* HLT_mu24_ivarmedium

* HLT_mu50

* HLT_e24_lhtight_nod0_ivarloose

* HLT_e60_lhmedium_nod0

* HLT_e140_lhloose_nod0

– Dilepton triggers:

* HLT_2e17_lhvloose_nod0

* HLT_e17_lhloose_nod0_mu14

* HLT_mu22_mu8noL1

与ّࣝϣ҈䩟থሶ҈ӆЇ׏Ӿ߿ٶйϼ trigger ֺխ䩟ԷԚ׏ϡ trigger Ԝࢗଛ݌

ӔྔӸϺҟϬ҈ӆѨຎ中

• ڝאР֡ࡺש 2.1.1所਎ϡ粒⼦䦚

• ：ّ⼦ڴ

– ҖϬԚӎӈႍϡڴ⼦䦚

– ҟϬ tight ӈ⼦׏Ӿ߿ٶ ChargeIDBDTTight> 0.067䩟ױԸ֝ϥѓϱय़

࠹䦨ӈ⼦䩟Ғป޳䦧ࠍ ??所਎䦚

– ۠վϩϣϬ׏⼦ڴӾ能ጃࡈйϼڗϣڈЄϬ trigger䩟ङױҏ֔䩟Ͻ่҃֝

⼦ڴ pT Ͻӊ׏ 30 GeV䩟Щ่҃֝ڴ⼦Ͻӊ 20 GeV䦚

• ٕङحڗ޵ଭϩ b-jet ϡѨຎ䦚

• Emiss,TRK
T > 10 GeV䦚

• ӹЋDrell-YanР۵ࡄӓ׍Ϥ能ҩMCЪϮথሶ䩟所йЋϦ೬ױݪ՜֣䩟ה

Ͻӊ׏֝ڱϤԸ⼦ڴ 15 GeV䦚

• ЋϦय़ࠍϱІӊ Z+jetsРࡄϡӆ 䩛݄ӈႍண်䩜䩟|M(ℓℓ)−M(Z)| >10 GeV

ֺխછ֡Р䦚

• jetّϡϴؒ࣊༌ӊ֝ڱѢϡࡺש䩟ࠍ䩛⾼䩜֝ڱѢϴؒ۠վ 2䩛3䩜Ϭ jet䦚

ϿϨ࣮ױ 䦚ڹՊॗٹ??

йϼϡѨຎᣩשРࡄւֲϨԣ 2.3䦚зњ䩟֡РйϼᣩֺשխϡѨຎ࣠ࣝڏ⼦ڴ

ѬдЋѧϬд໯Ѭ䩟Ћ ee µµф eµ䦚ԣ ۴টцҞًҮРйܨࡿথކࡣϦܾࣁ2.4

ϼϣֺ࠶ڍխЗϡѨຎّф݌ଛԸ٩䩟؝ױц݊׏֏Ћ 36.1 fb−1䩟္ ӌ䩛gg → hh䩜

Ћ 33.4 fb䦚֘ 2.1䩛֘ 2.2䩜ܾࣁ所ϩ hh䩛SS䩜Ҟً҈ӆϡҮР२܌ᣩשҏњϡ

аڦଛ䩟НйЃϺ：ϣϥ݌ mX 者ڈ mS ϡҶӸ䩟݌ଛԚ׏ҶӸ䩛цӊ SS䩟Ϩ

mX = 340GeV,mS = 135GeV ϴؒ۠վѧϬ״ѢэױଛЎઁϥӹЋԪ݌Ѣϡ֝ڱ
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Pre-

selections

GRL

Event clean criteria

Pass any trigger applied

Select objects following object definitions

Overlap removal

Two tight same-signed leptons, with at least one trigger matched

pT (ℓ1) > 30 GeV, pT (ℓ2) > 20 GeV

b veto

Emiss
T >10 GeV

M(ℓℓ) >15 GeV

|M(ℓℓ) − M(Z)| >10 GeV in ee channel

Njet ≥2(3)

ԣ 2.3 The event cleaning criteria.

jet䩜䩮ԏϥ eµѬࡢϩз⾼ϡ݌ଛߚ䩟µµҋҏ䩟ee зࠍ䩟ϸϥӹЋ理ڹϼ eµϡ

дݒԝϥԷјҖϬѬϡҖහ䩟йߵ µԝ e ଛ䦚݌ϩѸϮϡპ别ࡢ

2.2.2 Ʊ̸џ͔
2.2.2.1 hhƱ̸џ͔

ӆд໯中ϡࣸЯҞًϥҖϬԚӎӈႍϡڴ⼦ф jet ّ䦚ҖϬ۴ܨট粒⼦෴ז

ӊоथϺҖϬԚބϡܧٻ䩟ڦњ䩟ҖϬ۴ܨট粒⼦୐ᆽԸϺ W ᆂա⼦䩟ւף࢕

Ϭ W ᆂա⼦中ϩҖϬϥϤϨᅂϡ䩟ґϤϨᅂϡ W ᆂա⼦ϿᕟຸԚӾחдϡࠍ

҃֝ϡ jet䩛pT < 25 GeV䩜䦚Ϩ֘ 2.3aϺ2.3e中НйЃϺ䩛֡۔֘ױР२܌ᣩֺש

խ䩜䩟ЪϽϣחдϡҷֺף jet pT ϥࠍӊ 25 GeV ϡ䩟൬۠Ϩ⾼֝ڱҞًѢ䦚ъА

Ӹϼऴӆϡᣩֺשխҏњ䩟ϽחдҞًѨຎђϩѧֺ jet䩟Ғ֘ 2.3f所ܾ䦚ӎЗН

йтѴ䩟цӊ֝ڱࠍѢ䩟س mX=260 GeV ф mX=300 GeV䩟ԷϽחдѨຎзЄђ

ϩ 2 ֺ jet䦚所й䩟цӊϤӎϡ֝ڱѢ䩟׏Ӿ׏ѓϤӎϡ jet ֺّխ䩟цӊ֝ڱࠍ

Ѣ䩟ϴؒ Njet ≥2䩟ґ⾼֝ڱѢ䩟Njet ≥3䦚ЋϦ࢙ӥ؎д类能ޢѯоз⾼ϡҞًࣸ

Яԛ䩟ߎഒӆ݄њ䩟૘࢛ഠݓНԋป࠹ ?? зњ䩟ЋϦ٤⾼ҞًࣸЯԛ䩟ϣ࠶ڍ

҃Ҩ学ҩԳࠃ䩟Ԫґѓϱ٩ހҞً䩟ࡢՄ٩ހ⽅֚ϿϨڝא 䩟йЎڹՄॗࡢ??

：д֏ϡԸ֝߇ϩࡢоϣԈ࠶

• M(ll), the invariant mass of two same-signed leptons;

• MET , missing transverse energy;

• M( j j)W , the invariant mass of two closest jets among all selected good jets;

8
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Cut flow Event yield Efficiency

Evgen - 100%

HIGG8D1 2.76 56.34%

Event cleaning 2.76 56.34%

Trigger 2.10 44.84%

Channel ee µµ eµ ee µµ eµ

OB, OLR 0.29 0.28 0.56 5.86% 6.23% 11.96%

Tight leptons, trigger match 0.14 0.20 0.33 2.33% 3.46% 5.68%

pT (ℓ) 0.11 0.15 0.24 1.93% 2.70% 4.53%

b veto 0.10 0.14 0.23 1.79% 2.49% 4.18%

MET 0.10 0.14 0.22 1.76% 2.45% 4.10%

Drell-Yan cut 0.10 0.14 0.22 1.76% 2.44% 4.10%

Z veto 0.08 0.14 0.22 1.58% 2.44% 4.10%

Njet ≥ 3 0.05±0.002 0.09±0.002 0.14±0.003 1.03% 1.92% 2.99%

ԣ 2.4 The cutflow of pre-selection for non-resonant hh signal. The cross-section of pp→ hh is

33.41 fb. The event yields are normalized to the luminosity of 36.1 fb−1, corresponding to the

final state of two-signed leptons. The statistical uncertainty is aded in the last row.

Non-resonant mX=260 GeV mX=300 GeV mX=400 GeV mX=500 GeV

E
ffi

ci
en

cy
 (

%
)

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

ee

µµ

µe

֘ 2.1 The final efficiency of pre-selections for hh signal samples.
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mX=280 GeV, mS=135 GeV

mX=300 GeV, mS=135 GeV

mX=320 GeV, mS=135 GeV

mX=340 GeV, mS=135 GeV

mX=340 GeV, mS=145 GeV

mX=340 GeV, mS=155 GeV

mX=340 GeV, mS=165 GeV

E
ffi

ci
en

cy
 (

%
)

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

ee

µµ

µe

֘ 2.2 The final efficiency of pre-selections for SS signal samples.

• M(l1 j j), the invariant mass of leading lepton and two closest jets;

• M(all), the invariant mass of all selected objects;

• MT , the transverse mass of all selected objects;

• ∆Rmin(ℓ1, j), ∆R distance between leading lepton and the closest jet;

• ∆Rmin(ℓ2, j), ∆R distance between sub leading lepton and the closest jet;

2.2.2.2 SSƱ̸џ͔

S Ԫ֝ڱ粒⼦所Լ֝ࡣ 135 GeVϺ 165 GeV䩟X 粒⼦Ԫ 280 GeVϺ 340 GeV䦚

SS 与 hh Н能ҶӸҞًҞًࣸЯԛ䩟Njetߊ䩟ЋϦڱϩ类ঐϡ҃Ҩ学ԛࡢ д类޸

ѓӊױ䩟ࡢՄҒЎ：

• ෸ӡ mS = 135 GeV: mX = 280 GeV, mX = 300 GeV and mX = 320 GeV;

Njet ≥2䦚

• ෸ӡ mX = 340 GeV: mS = 135 GeV, mS = 145 GeV, mS = 155 GeV and

mS = 165 GeV; Njet ≥3䦚

ӓ਎ڝא 2.2.2.1ϡ҃Ҩ学Ը֝ЇНѓϱՖϣ٩ހ܌ҞًࣸЯԛ䦚
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(f)

֘ 2.3 Distributions of pT and number of jet for signal. Figure 2.3a to Figure 2.3e are distri-

butions of pT of jet before 25 GeV cuts, corresponding for mX=260, 300, 400, 500 GeV and

non-resonant signal. Two dashed vertical lines are pT=10 GeV and pT=25 GeV, respectively.

Figure 2.3f is number of jet distribution after 25 GeV cuts.
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ǉ 3ˇ Ӻբଦʹ

4W 物理д໯ࠧ࢓дЋНйᕟຸҖϬԚӎӈႍϡРࡄ䩛promptSS䩜䩟ӈႍண

პ别䩛QmisID䩜ф䦧޳䦨ڴ⼦Рࡄ䩛fakes䩜䦚promptSS ҰϴϱІ tt̄V , VV , tV йߵ

tt̄H Рࡄ䩟؎ࠧ࢓Нѓ MC ຽڋ䦚QmisID ϣડϱІӊ Z + jets ф tt̄䩛ڴ⼦ᆽԸ

Рࡄ䩜䦚fakes ϱІӊ W + jets䩟tt̄䩛ڴٻ⼦ᆽԸ䩜Рࡄ䩟Է中ϣϬ jet ҩண်ю

ϱ੅ӊ⼦ڴ者ϣϬڈ⼦ڴ b-jet䩛non-prompt䩜䦚۵ӓ ATLAS MCϤ能ЪϮсᆡ਎

QmisID ф fakes䩟Ғ֘ 3.1所ܾ䩟Ғҝ所ϩࠧ࢓୐ѓ MC থሶ䩟НйЃϺ䩟ّࣝ

ٰব׈ϩۘ׶Ͻϡണई䦚所й䩟ϸԣҴ data-drivenϡ⽅֚Чຽڋ QmisIDф fakes

ϥϩۓϴϡ䦚ϨйЎڝא中䩟ԗд别܇਎ QmisID ф fakes ϡຽڋ⽅֚䦚

13



Ϩ ATLAS ӥࡑϼଷװսоކࡣথ۴ܨࡿট粒⼦

0 1 2 3 4 5 6 7 8 9 10

N
um

. O
f E

ve
nt

s

100

200

300

400

500

600
Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

eeATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

Njet
0 2 4 6 8 10

D
at

a/
B

kg

0

0.5

1

1.5

2 0 1 2 3 4 5 6 7 8 9 10

N
um

. O
f E

ve
nt

s

50

100

150

200

250

300

350

400
Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

µµATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

Njet
0 2 4 6 8 10

D
at

a/
B

kg
0

0.5

1

1.5

2 0 1 2 3 4 5 6 7 8 9 10

N
um

. O
f E

ve
nt

s

200

400

600

800

1000
Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

µeATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

Njet
0 2 4 6 8 10

D
at

a/
B

kg

0

0.5

1

1.5

2

0 20 40 60 80 100 120 140 160 180 200

N
um

. O
f E

ve
nt

s

10

20

30

40

50

60

70

80

90 Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

eeATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

TE
0 20 40 60 80 100 120 140 160 180 200

D
at

a/
B

kg

0

0.5

1

1.5

2 0 20 40 60 80 100 120 140 160 180 200

N
um

. O
f E

ve
nt

s

10

20

30

40

50
Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

µµATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

TE
0 20 40 60 80 100 120 140 160 180 200

D
at

a/
B

kg

0

0.5

1

1.5

2 0 20 40 60 80 100 120 140 160 180 200

N
um

. O
f E

ve
nt

s

20

40

60

80

100

120

140
Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

µeATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

TE
0 20 40 60 80 100 120 140 160 180 200

D
at

a/
B

kg

0

0.5

1

1.5

2

0 20 40 60 80 100 120 140 160 180 200

N
um

. O
f E

ve
nt

s

10

20

30

40

50

60

70

80 Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

eeATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

)1pT(l
0 20 40 60 80 100 120 140 160 180 200

D
at

a/
B

kg

0

0.5

1

1.5

2 0 20 40 60 80 100 120 140 160 180 200

N
um

. O
f E

ve
nt

s

10

20

30

40

50

60 Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

µµATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

)1pT(l
0 20 40 60 80 100 120 140 160 180 200

D
at

a/
B

kg

0

0.5

1

1.5

2 0 20 40 60 80 100 120 140 160 180 200

N
um

. O
f E

ve
nt

s

20

40

60

80

100

120

140
Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

µeATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

)1pT(l
0 20 40 60 80 100 120 140 160 180 200

D
at

a/
B

kg

0

0.5

1

1.5

2

0 20 40 60 80 100 120 140 160 180 200

N
um

. O
f E

ve
nt

s

10

20

30

40

50 Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

eeATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

)1pT(j
0 20 40 60 80 100 120 140 160 180 200

D
at

a/
B

kg

0

0.5

1

1.5

2 0 20 40 60 80 100 120 140 160 180 200

N
um

. O
f E

ve
nt

s

5

10

15

20

25

30

35

40
Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

µµATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

)1pT(j
0 20 40 60 80 100 120 140 160 180 200

D
at

a/
B

kg

0

0.5

1

1.5

2 0 20 40 60 80 100 120 140 160 180 200

N
um

. O
f E

ve
nt

s

10

20

30

40

50

60

70

80

90
Data

VV

ttV
tV

ttH

γV
DY

tt

Wjets
Zjets

µeATLAS Internal

 = 13 TeVs
-1

Ldt = 36.1 fb∫

)1pT(j
0 20 40 60 80 100 120 140 160 180 200

D
at

a/
B

kg

0

0.5

1

1.5

2

֘ 3.1 The comparison between data and all MC backgrounds at pre-selection level. Left: ee,

middle: µµ, right:eµ. The slashed pink bands are corresponding to statistical uncertainties.

Each process is normalized to the luminosity of 36.1 fb−1.
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3.1 QmisIDଦʹ

ϡ⼦ڴהѬڏЋӎӈႍфӎ⼦ڴה Z veto ϡֺࡺשխ䩟Ͽ࡙Ͻсय़ࠍ tt̄ ф

Z + jets ࡄഒϺϸҖ҇Рߎϡண်ଛ䩟ԔࠍЪٍس䩟ԔҒҝϣϬӈႍண်䩟࢓ࠧ

ϡ࡙Ͻ္ӌ䩟കϩԚӾϣחдϡ QmisID ϿᕟຸϺз࢓ࠧټ中䦚࣠ࣝ 8 TeV ϡ研

究 [16]䩟µӈႍண်ଛۘࠍ׶䩛ϣડࠍӊ 10−5䩜1䩟所йђߎഒӈ⼦ӈႍண်ࠧ

䦚࢓

ӈ⼦ӈႍண်ϩҖ҇原ӹ：

• Ӿӈ⼦ܕР෬ॆ࠻୰ࢧЗ䩟оथϣϬׇ⼦䩛ᚙঊᘙथ䩜䩮ґњϸϬׇ⼦׆

ӈႍϡӈ⼦ҩ۱ѓ䩟Ԫґބ中䩟հԚࠃњϡዓ඿ԳڦюϣцԜ૎ӈ⼦䩟ѼґϨ޼

导ঊӈႍண်䦚ᚙঊᘙथ࣊༌ӊ෬ॆ࠻୰઼ࢧ֏䩟ґ෬ॆ࠻୰ڦ֏઼ࢧа |η |Ը

٩䩟所йӈ⼦ϡӈႍண်ଛЇ࣊༌ӊ |η |䦚
• ҷԏ҇ᕟຸԚцϱ܇ԝࢹЩ䩟ҰϴϥӹЋؘ֝࠻֏Ϥޢ䩟Ӿӈ⼦ዓ඿ϡॽ

ଛЪЩڈ者ֵח෬ॆ࠻ዓ඿与֝能ॆϡᲒथጃࡈӮணЗ䩟ЏϺԟҪԚބॽଛϡ

ዓ඿䩟Ԫґ导ঊӈႍண်䦚所й䩟Ӿӈ⼦ࡢϩ⾼่҃֝ЗϸϬ׏݌ԝࢹҴࣸ䩟ъ

Аண်ଛЇ࣊༌ӊ pT 䦚

3.1.1 ٔƔᎱ̾ƶʒ

ϣડޕ޳ӈ⼦ӈႍண်ଛϤ࣊༌ӊݘТথܴ䩟ӹЋ Z ᆂա⼦ݘТ္ӌϽ䩟ґ

ॸԷϤԸ֝ڱ๢ԳࠃԝࢹϮ䩟所й Z РࡄНйѓϱ֝࠻ӈ⼦ӈႍண်ଛ䩟ಈѓ

ঐѼ៲ّ৔भ [17]䩟พࠃϡঐѼ៲ّҒЎ：

ln L(ε |NSS, N) =
∑
i, j

ln[N i j(εi + ε j − 2εiε j)]N i j

SS − N i j(εi + ε j − 2εiε j) (3.1)

Է中䩟εi ф ε j д别Ћ η − pT ԏ߇ۅҽ中ҷ iϬфҷ jϬӈ⼦ϡண်ଛ䩟NSS ф N

ϥ޴ൌϺϡԚӎӈႍѨຎّфւѨຎّ䦚η − pT дЋ࢕෢ւ߇ 28 ϬЩ߇෢䩟Է

|η | ф pT ϡд֎۶д别Ћ [0., 0.60, 1.1, 1.37, 1.52, 1.70, 2.00, 2.47] ф [10, 60, 90,

130, 1000] GeV䦚ڦњ䩟ЋϦЏϺӈ⼦ӈႍண်ଛ䩟ؑੜؕйЎРࡄՖҲ：

1. ੜؕ Z ᆂա⼦Рࡄᣩڴהש⼦ّࣝ䩟Է中֝ڱ⼦ڴϴؒ׏与2ڝא所਎ϣ

ঊ䦚

1The rate of charge mis-identification for muons is only affected by the track curvature. Because of the long lever

arm to the muon system and the fact that the charge is measured in both the inner detector and muon spectrometer the

mis-identification rates of the muon charge are very low, making this background negligible compared to the other

sources of background
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2. Ϩ所ّࣝש中֡Р⾼ট៲ّሶׁ Z ϤԸ֝ڱഉ䩟ЏϺ Z ϤԸ֝ڱሶׁߚ

κфކࡣണई σ䦚ґњдЋҒЎѧϬ߇ҽ䩟

A B C

(κ − 8σ, κ − 4σ) (κ ± 4σ) (κ + 4σ, κ + 8σ)

3. ЋϦՖϣ٤܌⾼ Z ᆂա⼦৞֏䩟ൊ൑ӆ݄ϿҩँЧ䩟س NZ = nB − nA+nC
2

䦚

4. 所ّࣝ࣠ࣝשӈႍдЋ SSф OS䩟۱ѓзϽঐѼ៲ّ֚ЏϺٿϬ |η | − pT

ҽϡண်ଛ䦚߇

аڦӈ⼦ӈႍண်ଛܾࣁ3.2֘ |η |ҶӸґҶϽ䩟ӹЋϨ⾼ |η |粒⼦ϿܕРѸЄ෬

аڦ䩮ண်ଛЇࢧ୰ॆ࠻ pT ҶϽґҶϽ䩟ϸ与ӓӌϡॗڹϣঊ䦚зњ䩟۱ѓԍ

ܴ оڲڋ3.2 ee ф eµѬҮР२܌ᣩשњ䩟Ϩ Njet ≥ 2 З䩛Njet ≥ 3䩜ϡண်Ѩຎ

ّд别Ћ 101.47±0.60 (35.60±0.38) ф 18.21±0.23 (8.38±0.16)䦚
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֘ 3.2 The electron charge mis-identification rates as a function of (|η |, pT ) computed in data

with the likelihood method.

NQmisID
ee =

εi + ε j − 2εiε j
1 − εi − ε j + 2εiε j

NOS, NQmisID
eµ =

ε

1 − εNOS (3.2)

3.1.2 ͷՖוࡁ

Ϩ QmisID ຽڋ中䩟ߎഒϦѧ҇ࢅڍணई：

1. ҟϬ |η | − pT Щ߇෢中ϡڋࢅணई䩮

2. ЋϦ࢙ӥঐѼ៲ّ⽅֚ϡНۻԛ䩟Нй۱ѓ Z MC ՖҲйϼϡண်ଛຽ

ϲߚ与ѐӥߚڋঐѼ៲ّຽࢹ䩟ӹЋϨMC中䩟ӈ⼦ண်ଛϥӔҌϡ䩟Ԫґԝڋ
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Н်आ؎⽅֚ϡНҞࡄ֏䩛closure test䩜䦚֘ 3.3ԝࢹϦѐӥߚ与ঐѼ៲ّຽߚڋ䩟

ւՄϼϥϣঊϡ䦚؎࣮ईயԗ作Ћ QmisID ϡࢅڍணईҏϣ䦚
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֘ 3.3 The comparison between the charge mis-identification rates of electrons measured in

simulated Z → e+e− events with the truth-matching method and the 2D likelihood method.

3. Z ๢߇ҽϡԸ҃Ͽؙড় QmisID ϡຽڋ䩟所й䩟Ғҝണ௄ Z ๢ 1 σ䩟Է

QmisID ଛϡԚцԸߎ٩ഒюࢅڍணई䦚

֘ 3.4ւֲϦӪ҇ࢅڍணईϨϤӎ |η | − pT ϡԚцϽЩ䩟ڦа pT ϡҶӸڋࢅணई

քϱքϽ䩟ӹЋϽחдӈ⼦ϥ֝҃ࠍϡ䩟ԷҋϥঐѼ៲ّணईϨ߇֝҃ࠍѸࣸ

Я䦚
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֘ 3.4 The systematic uncertainty on the charge mis-identification rate, for different bins in

pT and |η |.

3.2 Fakesଦʹ

ணპ别粒⼦ϥϣ࣮ۘ׶Գϴϡӆ݄䩟ӹЋцԷ࣏юҜء理ثϤކޢ৭䩟MC

ϴٍѓۓϤ能ЪϮсᆡ਎䩟所йϩ׍ data-drivenϡ⽅֚Чຽڋ؎࣮ӆ݄䦚Ϩ؎д

໯中䩟ϢЙٍѓ fake factor ϡ⽅֚䦚

3.2.1 Fake factorƶʒ

Ϩ 4Wд໯中䩟Fake factor⽅֚ϡޕ޳ϥ fake factorϤ࣊༌ӊ jetّ䩟Էӡॶ

ϥࡢϩҖϬ tight SS ϩϣϬࡢϡѨຎّ与⼦ڴ tight фϣϬ anti-tight ϡ

ϡѨຎّԝຎ䩟Ғҳܴ⼦ڴ 3.3所ܾ䦚

θℓ =
Nℓℓ

Nℓ�ℓ
(3.3)

Է中䩟ℓЋ tight ӈ⼦ڈ者 µ⼦䩟��ℓϥ anti-tight ϡڴ⼦䦚֡׶䩟дআϡࡺש

ϥ fake factor中з੡ԡϡחд：дআϡ׏ࡺשӾٍЏѐӥڴ⼦࡙Ͻсय़ࠍ䩟ґߊ

֝ҶϽணპ别ڴ⼦ϡԝຎ䦚Ғҝдআֺࡺשխք଴۴䩟与֔෨ԚԮϡࢅڍணईք

Щ䩟Ԕϥࡔϣ⽅ӌ䩟Ѩຎքվ䩟Ԛ׏ϡڋࢅணईքϽ䦚所й䩟ЋϦݱ٩ހՄϡڍ

䩟۱ѓ܇ϡؙড়䦚ϣડϱބഒϺϸԈԚߎછۓணई䩟ࢅ IDф isolationֺխНйЪ

Ϯсय़ࠍணპ别ϡӈ⼦䩟ґ isolation фೝජّ܀Нйѓϱय़ࠍணპ别 µ⼦ [18]䦚

Ϩӆд໯中䩟ℓф ��ℓϡӡॶҒԣ 3.1фԣ 3.2所ܾ䦚
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tight electron anti-tight electron

ID TightLH fail TightLH

isolation isolationFixedCutTight -

QmisID ChargeIDBDTTight>0.067 ChargeIDBDTTight>0.067

ԣ 3.1 definitions of tight electrons and anti-tight electrons. In addition to the inverted ID

requirement, anti-tight electrons are required to pass the loose selection criteria.

tight muon anti-tight muon

ID Tight -

isolation isolationFixedCutTightTrackOnly fail isolationFixedCutTightTrackOnly

ԣ 3.2 definitions of tight muons and anti-tight muons. In addition to the inverted isolation

requirement, anti-tight muons are required to pass the loose selection criteria.

Џ指оϡϥ䩟ӹЋϨӆд໯中䩟ϩҖϬߚ Njet 类别䩟所йцӊ֝ڱࠍѢ䩟ڋ

ڲ fake factor ЗϴؒϣϬ jet䩮цӊ⾼֝ڱѢ䩟ϴؒ 1 Ϻ 2 Ϭ jet䦚ւֲҒԣ 3.3所

ܾ䦚בЎϱ䩟作Ћຎ⼦䩟ϢЙԗђ֝ڱ⾼ܾࣁѢϡ fakesϡڲڋ⽅ܴ䦚ҏӓ٤Р䩟

Region Fake factor CR (low jet multilicity region) SR (high jet multiplicity region)

Low mass
hh: mX=260, 300 GeV Njet=1 Njet ≥2

SS: Fixing mS=135 GeV, mX=280, 300, 320 GeV

High mass
hh: mX=400, 500 GeV, no-resonant 1 ≤ Njet ≤ 2 Njet ≥3

SS: Fixing mX=340 GeV, mS=135, 145, 155 and 165 GeV

ԣ 3.3 Summary of different regions used to estimate fakes for low mass and high mass

searches.

ӆ݄د၉ fakes, QmisID, Vγ ф promptSS䩟ЋϦϤԳߎߒഒϸԈӆ݄䩟ӥকڲڋ

fake factor З׏ӾँЧϸԈӆ݄䩟Ғԍܴ 3.5所ܾ䦚

θe(1 ≤ Njet ≤ 2) =
Ndata
ee − NpromptSS

ee − NVγ
ee − NQmisID

ee

Ndata
e�e
− NpromptSS

e�e
− NVγ

e�e
− NQmisID MC

e�e

(1 ≤ Njet ≤ 2) (3.4)

θµ(1 ≤ Njet ≤ 2) =
Ndata
µµ − NpromptSS

µµ − NVγ
µµ

Ndata
µ�µ
− NpromptSS

µ�µ
− NVγ

µ�µ

(1 ≤ Njet ≤ 2) (3.5)

НйЃϺ䩟promptSS䩟QmisID ф Vγ Ϩд⼦дআ中୐ҩँЧ䦚promptSS ѓ MC

ຽڋ䩟׍ॸϴؒԷ中ϣϬڴ⼦能ޢጃࡈϺѐӥڴ⼦䩛truth-matching䩜䦚VγЇ۱ѓ
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MC ຽڋ䩟Ԕϥ׍Ϥϴؒ truth-matching䩟ӹЋԷ中ϣϬڴ⼦ЪН能ϱІӊ γ䦚ц

ӊ QmisID䩟д⼦中ϡ NQmisID
ee ڝאҒڲڋ 3.1所਎䩟ґ NQmisID MC

e�e
۱ѓMCຽבׯ

⼦䩟Է中ϴؒӈڋ truth-matching䦚ԣ ??Ϻԣ ??ւֲϨϤӎ Njet 类别Ў䩟ѓϱڋ

ڲ fake factor 䦚ߚϬюдϡٿ

Selections VV tt̄V tV tt̄H Vγ QmisID Data

Njet ==1
ee 204.64±19.13 1.09±0.08 5.08±0.93 0.03±0.01 135.94±12.84 164.46±0.65 976

e�e 44.26±3.51 0.13±0.03 8.25±1.32 0.00±0.00 67.33±10.49 135.54±71.62 1116

ԣ 3.4 Observed number of data and expected events yields in low jetmultiplicity region, which

is used for fake factor calculation of electron in low mass search. Uncertainties are statistical.

Selections VV tt̄V tV tt̄H Vγ Data

Njet ==1
µµ 296.37±9.72 1.92±0.11 5.91±1.01 0.02±0.02 0.00±0.00 455

µ�µ 56.84±5.00 0.13±0.03 20.80±2.34 0.00±0.00 0.63±0.45 378

ԣ 3.5 Observed number of data and expected events yields in low jetmultiplicity region, which

is used for fake factor calculation of muon in low mass search. Uncertainties are statistical.

Selections VV tt̄V tV tt̄H Vγ QmisID Data

1 ≤ Njet ≤ 2
ee 309.38±19.75 3.67±0.16 11.27±1.47 0.10±0.02 213.30±17.29 230.40±0.81 1434

e�e 66.58±5.19 0.39±0.06 15.85±1.89 0.02±0.01 104.00±12.71 187.16±78.65 1591

ԣ 3.6 Observed number of data and expected events yields in low jetmultiplicity region, which

is used for fake factor calculation of electron in high mass search. Uncertainties are statistical.

Selections VV tt̄V tV tt̄H Vγ Data

1 ≤ Njet ≤ 2
µµ 463.01±11.61 6.14±0.21 15.20±2.26 0.17±0.03 0.01±0.01 729

µ�µ 74.30±5.40 0.45±0.06 43.59±3.37 0.02±0.01 1.62±0.74 658

ԣ 3.7 Observed number of data and expected events yields in low jetmultiplicity region, which

is used for fake factor calculation of muon in high mass search. Uncertainties are statistical.

зټ䩟࣠ ࣝԍܴ 3.5䩟ЏϺ҇ٿ类别ϡ fake factor䩟ւֲϨԣ 3.8䦚בЎϱ䩟ϲ
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Selections Fake factor Value

Njet ==1
θe 0.5401±0.0311
θµ 0.5033±0.0503

1 ≤ Njet ≤ 2
θe 0.5472±0.0264
θµ 0.4544±0.0350

ԣ 3.8 Summary of fake factors of electron and muon with different Njet requirements. Uncer-

tainties are statistical.

НйڲڋϨҞً߇䩟س⾼ Ntext jet 䩟ϡ߇ fakes ຽߚڋ䦚ڲڋ⽅֚ҒЎ：

N fakes
ee (Njet ≥ 3) = (Ndata

e�e
− NpromptSS

e�e
− NVγ

e�e
− NQmisID MC

e�e
)(Njet ≥ 3) × θe (3.6)

N fakes
µµ (Njet ≥ 3) = (Ndata

µ�µ
− NpromptSS

µ�µ
− NVγ

µ�µ
)(Njet ≥ 3) × θµ (3.7)

N fakes
eµ (Njet ≥ 3) = (Ne�µ

− NpromptSS
e�µ

− NVγ

e�µ
− NQmisID

e�µ
)(Njet ≥ 3) × θµ

+(N�eµ − NpromptSS

�eµ
− NVγ

�eµ
− NQmisID MC

�eµ
)(Njet ≥ 3) × θe

(3.8)

ڲڋӎ҈ᗆိࡺשϬюдϡٿ fake factor Зϴؒ䩟ԣ 3.9䩛ԣ 3.10䩜ւֲ҇ٿю

дϨ Ntext jet ≥ 2䩛Ntext jet ≥ 3䩜Зϡّߚ䦚 зњ䩟ڲڋЏϺҞً߇ϡ fakes ֲҝ

Selections VV tt̄V tV tt̄H Vγ QmisID Data

Njet ≥ 2
e�e 37.39±4.24 1.67 ± 0.12 11.55 ± 1.62 0.19 ± 0.04 51.74 ± 8.67 137.17±33.00 829

µ�µ 32.41±2.83 1.44±0.15 38.97±3.15 0.12±0.03 1.01±0.59 - 583

�eµ 39.71±3.06 2.02 ± 0.17 15.46 ± 2.13 0.19 ± 0.04 53.50 ± 9.21 195.94±19.80 708

e�µ 17.89±2.50 0.42 ± 0.10 17.00 ± 1.99 0.03 ± 0.02 0.75 ± 0.39 0.43±0.03 267

ԣ 3.9 Observed number of data and expected events yields in high jet multiplicity region,

which is used to predict fakes in low mass search. Uncertainties are statistical.

Ғԣ 3.11所ܾ䦚Է中䩟ђߎഒϦڋࢅணई䩟Էڲڋ⽅ܴЋ θℓ ×
√

N ≥2jet(3jet)
ℓ�ℓ

[18]䦚

3.2.2 ͷՖוࡁ

ڲڋ fake factor ЗϩҒЎࢅڍணई：

1. ࠍணई䩟ڋࢅ Njet ခϺتணईϿڋࢅϡ߇ fake factor;

2. QmisID䩟QmisID ϡᕟຸϨ ee ѬϥԝࢹϽϡ䩟ԷࢅڍணईЇϿتခϺ θℓ

ϡڲڋ䦚
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Selections VV tt̄V tV tt̄H Vγ QmisID Data

Njet ≥ 3

e�e 15.07±1.83 1.41±0.11 3.96±0.90 0.17±0.03 15.07±4.85 85.54±6.45 354

µ�µ 14.95±1.94 1.12±0.13 16.18±2.01 0.10±0.03 0.03±0.03 - 303

�eµ 17.84±2.04 1.60±0.16 6.71±1.62 0.18±0.04 17.98±5.18 102.56±5.64 287

e�µ 4.78±1.06 0.36±0.09 7.68±1.24 0.02±0.02 0.44±0.27 0.21±0.03 149

ԣ 3.10 Observed number of data and expected events yields in high jet multiplicity region,

which is used to predict fakes in high mass search. Uncertainties are statistical.

Selections
Njet ≥ 2 Njet ≥ 3

ee µµ eµ ee µµ eµ

Event yield 318.27±9.64 256.20±8.06 332.69±9.62 127.38±6.10 122.97±5.58 138.25±6.16

ԣ 3.11 Estimated jet fakes in three channels with different selections. Uncertainties are sta-

tistical.

3. Closure test䩟ױд໯中 fake factor ϡޕ޳ϥԷߚϤ࣊༌ӊ jet ّ䩟Ԕ޳ױ

ணई䩟Нй۱ѓMC䩛semi-leptonic࣮ױഒߎӆӱϥϩணईϡ䩟所йЋϦޕ tt̄䩜Գ

ϣৄߒ fake factor ⽅֚䩟ԗѐӥϡ fakes 与বߚ࠻作Ћࢅڍணई䦚ࡢՄԵࡄҒЎ：

• ϴؒ 1 ≤ Njet ≤ 2䩟Է中ЋϦҶϽ֝ڋࢅ䩟Чङ b−veto䩟Z veto фڴ⼦ pT

խ䦚ֺࡺש

• ࡺש ee䩛e�e䩜ф µµ䩛µ�µ䩜Ѩຎ䩟ڲڋ fake factor (Nℓℓ

N
ℓ �ℓ
)：

θe = 0.32 ± 0.12, θµ = 0.12 ± 0.04;
• ব࠻⾼ Ntext jet ϡ߇ fakes ّ䩛θ × Nℓ�ℓ䩜䦚

ԣ 3.12ϡւֲϦϨ tt̄ MC 中ѐӥ fakes䩟বߚ࠻йؚߵЙҏҽϡԚцई别䩟Է中

eµѬзϽϡԚцई别Ͽ作Ћ fake factor closure ணई䦚ࢅڍ

Predicted Real Relative difference

ee 24.69±9.47 26.92±2.06 9.03%

µµ 30.44±10.00 34.88±2.35 14.59%

eµ 40.80±11.31 56.63±3.01 38.80%

ԣ 3.12 Non-closure uncertainty on θe and θµ. To reduce the statistical error, SS, pT (ℓ) and

M(ℓℓ) >15 GeV requirements are dropped in pre-selections.
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4. ҈ӆюд䩟ࠍ Njet 与⾼ Njet юд䩟йԣ࢓别ϥࠧ߇ϡϣϬࣸЯ߇ 3.13作Ћ

ຎ࢙䩟НйЃϺ䩟ڦа jetّϡҶӸ䩟tt̄ ϡԝຎԚ׏ҶϽ䦚ϤӎڏѬϡ jetࡢϩϤ

ӎϡணპ别ଛ䩟ԪґϤӎӆ݄ϿϩϤӎϡ fake factor䦚Ϩױຽڋ中䩟fake factorϥ

Ϩࠍ Njet ⾼ѓϨ׏ϡ䩟ґњڋຽ߇ Njet䩟ъАԪԣ 3.13Ԑڹо䩟tt̄ ӆ݄ҩࠍຽϦ䦚

ЋϦਤ᏶࣮ױണई䩟НйԳߒйϼ fake factor ⽅֚䩟Ӹϼ۠վϣϬ b-jet ϡֺխ䦚

зњ䩟өјЙҏҽϡई别作Ћࢅڍணई䩟ֲҝҒԣ 3.14所ܾ䦚

Pre-selections Njet=1 Njet=2 Njet ≥3

ee µµ eµ ee µµ eµ ee µµ eµ

Sherpa W+jets 38.84 30.74 152.01 4.49 13.98 49.85 5.20 3.96 19.88

Sherpa tt̄ 7.20 -0.34 10.32 9.62 37.35 62.95 15.66 28.04 59.79

Nt t̄/NW+jets 0.19 -0.011 0.068 2.14 2.67 1.26 3.01 7.08 3.00

ԣ 3.13 The contribution from tt̄ becomes bigger as more jets are required. W+jets and tt̄

(semi-leptonic) MC samples are produced with the same generator (Sherpa).

Njet=1 with b veto with b−jet uncer.

θe 0.5401±0.0311 0.7228±0.1919 33.83%

θµ 0.5033±0.0503 0.3438±0.0856 31.69%

1 ≤ Njet ≤2 with b veto with b−jet uncer.

θe 0.5472±0.0264 0.8000±0.1171 46.20%

θµ 0.4544±0.0350 0.3060±0.0413 48.50%

ԣ 3.14 The fake factors with and without b−jet.

5. prompt SSݘТ္ӌ䩟Ϩ fake factor 中䩟promptڲڋ SS 作ЋँЧ࣮䩟ъ

АؚЙϡ္ӌ理ߚڹЇϿؙড় fake factorϡֲҝ䩟ؚЙϡ理ڹணईϿتခϺ fake

factor ϡணई中䩟Է中ࠍӊ 1% ؙড়ϡРࡄҩಃଯ䦚

Fake factorϡ所ϩࢅڍணईւֲϨԣ 3.15фԣ Table 3.16中䦚НйтѴ䩟зࣸЯϡ

ணईϥ Non-closureф҈ӆюд䩮цӊ µґߞ䩟W Z ϡݘТ္ӌЇϩ 30%Ϻ 40%

ϡؙড়䩟ґцӊ electron fake factor䩟QmisID ணईϽЩऎЋ 30%䩮Էҋϥڋࢅண

ईзЩ䩟ђϩϤϺ 10% ϡؙড়䩟ЛҴֺࡺש⼦ڴխϥԝׁࢹ理ϡ䩟Ьϩ৉Պࢹ

Ͻڋࢅணई䩮ॎѼϨٿϬ Njet 类别䩟ӈ⼦ fake factor ணईଯ⾼ӊ µ⼦ϡ䩟ԔؚЙ
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ւணईЁϨ 60% Ϻ 72% ҏҽ䦚

Njet ==1 1 ≤ Njet ≤ 2

Statistics 5.76 4.82

QmisID 33.0 30.0

θe syst. 38.80 38.80

Sample dependence 33.83 46.20

W±W± 1.22 2.08

W Z 8.93 7.94

Vγ 11.15 12.28

QmisID MC 1.50 2.00

Total 63.09 69.18

ԣ 3.15 Summary of systematic uncertainty on θe with different Njet selections(in%).

Njet ==1 1 ≤ Njet ≤ 2

Statistics 9.99 7.70

θµ syst. 38.80 38.80

Sample dependence 31.69 48.50

W±W± 6.06 10.39

W Z 39.0 33.6

Total 64.55 71.79

ԣ 3.16 Summary of systematic uncertainty on θµ with different Njet selections(in%).

3.2.3 ɽ٩ʿǕЫଦʹ

ԣ 3.17фԣ 3.18д别ւֲϨ Njet ≥ 2ф Njet ≥ 3З䩟ҮР२܌ᣩשҏњ䩟ϡٿ

࣮ӆ݄ϡຽߚڋ与ّّࣝ࠻޴䩮ԣֵϡணईߎഒϦ fakesϡڋࢅணईф fake factor

ϡࢅڍணई䩟ؚޕ޳ЙԚૠݼ߹䩟ւϡணईЋ
√
(θsys.ℓ × Nmedian

jet fakes)
2 + θℓ × Nmedian

jet fakes䩟

Է中 θsys.ℓ ϥ fake factor 䩟Nmedianߚணईࢅڍ
jet fakes ϥ fakes বߚ׈䦚ϨѧϬڴ⼦Ѭ中䩟

fakes Ё฼ϩԝࢹϽϡԝຎ䩟Ё⾼ӊ 30%䩟දԷϨ ee 中䩟fakes 作ЋзϽϡӆ݄

юд䩟⾼ܼ 44%䦚֘ 3.5ф֘ 3.6ϥ Njet ϡд޿䩟д别ц׏ Njet ≥ 2 ф Njet ≥ 3䦚䩟
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Ԛԝ֘ 3.1䩟ّࣝ与ব׈ӆ݄ᄵׁ֏ЏϺ࡙Ͻсڢ٤䩟ԷണईऴӆସءϨ 2 Ϭࡣ

ണईҏֵ䦚ކ

ee µµ eµ

Jet fakes 318.27±201.23 256.20±165.77 332.69±156.43

PromptSS 208.92±6.64 334.71±8.74 560.18±10.63

V + γ 105.39±12.43 0.01±0.01 107.99±15.17

QmisID 101.47±0.60 0.00±0.00 18.21±0.23

Total backgrounds 734.07±201.72 590.93±166.00 1019.06±157.52

Observed 790 487 1257

ԣ 3.17 Event yields at pre-selection level, corresponding to Njet ≥ 2. The total uncertainties

include all systematics on fakes and statistical uncertainties on the others. PromptSS andV+γ

are normalized to the luminosity of 36.1 fb−1.

ee µµ eµ

Jet fakes 127.38±88.52 122.97±88.60 138.25±69.55

PromptSS 95.34±4.30 154.40±5.64 262.03±7.04

V + γ 28.03±4.52 0.01±0.01 51.62±13.75

QmisID 35.60±0.38 0.00±0.00 8.38±0.16

Total backgrounds 286.35±88.74 277.38±88.78 460.27±71.25

Observed 332 213 511

ԣ 3.18 Event yields at pre-selection level, corresponding to Njet ≥ 3. The total uncertainties

include all systematics on fakes and statistical uncertainties on the others. PromptSS andV+γ

are normalized to the luminosity of 36.1 fb−1.
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to Njet ≥ 2. Left: ee, middle: µµ, right: eµ. The uncertainties, represented by slashed bands,

include all systematics on fakes and statistical uncertainties on the other background compo-

nents. PromptSS and V + γ are normalized to the luminosity of 36.1 fb−1.
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