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1

1.1

2015 年 2016 年 ATLAS 能 13 TeV

者 作 36.1 fb−1

中 2015 年 2016 年 1.1所

(a) (b)

1.1 ATLAS ：(a) 2015年 (b) 2016年

1.2

1.2.1

别 粒⼦ gg → (X)→ hh 类

粒⼦ (gg → X → SS)

1.2.1.1 gg → (X)→ hh

1. SM , gg → hh, NLO

粒⼦ [1] MadGraph5_aMC@NLO [2, 3] 中 33.4

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

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

2. gg → X → hh NLO 2HDMCP_EFT

[6] MadGraph5_aMC@NLO 中 中 粒⼦ X

粒⼦ 中 10

MeV 别 260 GeV, 300 GeV, 400 GeV 500 GeV

1 pb

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

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

粒⼦ W ⼦ 中 W+(W−)

⼦ τ W−(W+) ⼦

Herwig++ [7] showering ⼦

BR(hh → 4W → ℓ±νℓ±qqqq) = 4.4 × 10−3

1.1所

1.2.1.2 gg → X → SS

gg → X → SS Pythia 8 LO PDF A14NNPDF2.3LO

HiggsBSM:gg2A3 X S

1% 与 gg → (X) → hh 类 S W ⼦ 中

W+(W−) ⼦ τ W−(W+) ⼦

showeringhe ⼦ Pythia 8 mX mS 4W 能

gg → X → SS 1 pb BR(S → WW) mS

粒⼦ [8] 1.2

1.2.2

⼦ VV/VVV Vγ Sherpa 2.1 [9] NLO V + jets

Sherpa 2.2 NLO CT10 PDF V H Pythia 8

LO NNPDF2.3LO PDF tt̄ Powheg-Box 2.0 [10] NLO

Pythia 8 parton showering ⼦ PDF

2



1

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

1.2 Summary of the MC X → SS signal samples used.
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NNPDF2.3LO 单 t + X Powheg-Box 2.0 NLO

Pythia 6.4 [11] PDF CT10 tt̄V NLO

MadGraph5_aMC@NLO +Pythia 8 PDF NNPDF2.3LO tt̄H

MadGraph5_aMC@NLO +Herwig++ PDF NNPDF3.0 [12]

[13–15]

4
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2

2.1

2.1.1 Object definitions in 4W

粒⼦ 别 ATLAS ??所 4W

粒⼦ 2.1所

粒⼦

Baseline Tight

⼦

ET > 10 GeV TightLH ID

|η | < 2.47 1.37< |η | <1.52 FixedCutTight

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

|z0 sin θ | < 0.5 mm d0/σ(d0) < 5

µ

pT > 10 GeV Tight ID

|η | < 2.5 FixedCutTightTrackOnly

Loose ID, Loose isolation pvarcone20T /pT <0.06

|z0 sin θ | < 0.5 mm 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

2.1 4W物理 粒⼦

2.1.2 Overlap removal

粒⼦ baseline 粒

⼦ 专 overlap removal 中 overlap removal 2.2所

5
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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))

2.2 Overlap removal in 4W analysis.

2.2

2.2.1

所 ：

• 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:

2015 年 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

2016 年 trigger：

– Single lepton triggers:

6



2

* 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 trigger trigger

中

• 2.1.1所 粒⼦

• ⼦ ：

– ⼦

– tight ⼦ ChargeIDBDTTight> 0.067

⼦ ??所

– ⼦ 能 trigger

⼦ pT 30 GeV ⼦ 20 GeV

• b-jet

• Emiss,TRK
T > 10 GeV

• Drell-Yan 能 MC 所

⼦ 15 GeV

• Z+jets |M(ℓℓ)−M(Z)| >10 GeV

• jet ⾼ 2 3 jet

??

2.3 ⼦

ee µµ eµ 2.4

36.1 fb−1 gg → hh

33.4 fb 2.1 2.2 所 hh SS

： mX 者 mS SS

mX = 340GeV,mS = 135GeV

7
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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)

2.3 The event cleaning criteria.

jet eµ ⾼ µµ ee 理 eµ

µ e 别

2.2.2

2.2.2.1 hh

中 ⼦ jet 粒⼦

粒⼦ W ⼦

W ⼦中 W ⼦

jet pT < 25 GeV 2.3a 2.3e中

jet pT 25 GeV ⾼

jet 2.3f所

mX=260 GeV mX=300 GeV

2 jet 所 jet

Njet ≥2 ⾼ Njet ≥3 类能 ⾼

?? ⾼

学 ⽅ ??

：

• 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



2

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%

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 SS

S 粒⼦所 135 GeV 165 GeV X 粒⼦ 280 GeV 340 GeV

SS 与 hh 类 学 能 Njet 类

：

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

Njet ≥2

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

mS = 165 GeV; Njet ≥3

2.2.2.1 学
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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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3

3

4W 物理 promptSS

别 QmisID ⼦ fakes promptSS tt̄V , VV , tV

tt̄H MC QmisID Z + jets tt̄ ⼦

fakes W + jets tt̄ ⼦ 中 jet

⼦ 者 ⼦ b-jet non-prompt ATLAS MC 能

QmisID fakes 3.1所 所 MC

所 data-driven ⽅ QmisID fakes

中 别 QmisID fakes ⽅
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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

3.1 QmisID

⼦ ⼦ Z veto tt̄

Z + jets

QmisID 中 8 TeV 研

究 [16] µ 10−5 1 所 ⼦

⼦ 原 ：

• ⼦ ⼦ ⼦

⼦ 中 ⼦

导 |η |

所 ⼦ |η |
• ⼦

者 与 能

导 所 ⼦ ⾼

pT

3.1.1

⼦ Z ⼦

所 Z ⼦

[17] ：

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)

中 εi ε j 别 η − pT 中 i j ⼦ NSS N

η − pT 28

|η | pT 别 [0., 0.60, 1.1, 1.37, 1.52, 1.70, 2.00, 2.47] [10, 60, 90,

130, 1000] GeV ⼦ ：

1. Z ⼦ ⼦ 中 ⼦ 与 2所

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. 所 中 ⾼ Z Z

κ σ

A B C

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

3. ⾼ Z ⼦ NZ = nB − nA+nC
2

4. 所 SS OS |η | − pT

3.2 ⼦ |η | ⾼ |η |粒⼦

pT 与

3.2 ee eµ Njet ≥ 2 Njet ≥ 3

别 101.47±0.60 (35.60±0.38) 18.21±0.23 (8.38±0.16)

tst
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p

ATLAS Internal

1
Ldt =36.1  fb∫
 = 13 TeVs

test1

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

QmisID 中 ：

1. |η | − pT 中

2. ⽅ Z MC

MC中 ⼦ 与
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3

⽅ closure test 3.3 与

作 QmisID
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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 QmisID 所 Z 1 σ

QmisID

3.4 |η | − pT pT

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

pT and |η |.

3.2 Fakes

别粒⼦ 理 MC

能 所 data-driven ⽅

中 fake factor ⽅

3.2.1 Fake factor

4W 中 Fake factor⽅ fake factor jet

tight SS ⼦ 与 tight anti-tight

⼦ 3.3所

θℓ =
Nℓℓ

Nℓ�ℓ
(3.3)

中 ℓ tight ⼦ 者 µ⼦ ��ℓ anti-tight ⼦

fake factor中 ： ⼦

别 ⼦ 与

⽅ 所

ID isolation

别 ⼦ isolation 别 µ⼦ [18]

中 ℓ ��ℓ 3.1 3.2所
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tight electron anti-tight electron

ID TightLH fail TightLH

isolation isolationFixedCutTight -

QmisID ChargeIDBDTTight>0.067 ChargeIDBDTTight>0.067

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

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.

指 中 Njet 类别 所

fake factor jet ⾼ 1 2 jet 3.3所

作 ⼦ ⾼ fakes ⽅

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

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

searches.

fakes, QmisID, Vγ promptSS

fake factor 3.5所

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)

promptSS QmisID Vγ ⼦ 中 promptSS MC

中 ⼦能 ⼦ truth-matching Vγ
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MC truth-matching 中 ⼦ 能 γ

QmisID ⼦中 NQmisID
ee 3.1所 NQmisID MC

e�e
MC

中 ⼦ truth-matching ?? ?? Njet 类别

fake factor

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

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

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

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

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.

3.5 类别 fake factor 3.8
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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

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

tainties are statistical.

⾼ Ntext jet fakes ⽅ ：

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)

fake factor 3.9 3.10

Ntext jet ≥ 2 Ntext jet ≥ 3 fakes

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

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.

3.11所 中 ⽅ θℓ ×
√

N ≥2jet(3jet)
ℓ�ℓ

[18]

3.2.2

fake factor ：

1. Njet fake factor;

2. QmisID QmisID ee θℓ
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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

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

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

tistical.

3. Closure test 中 fake factor jet

所 MC semi-leptonic tt̄

fake factor ⽅ fakes 与 作 ：

• 1 ≤ Njet ≤ 2 中 b−veto Z veto ⼦ pT

• ee e�e µµ µ�µ fake factor (Nℓℓ

N
ℓ �ℓ
)：

θe = 0.32 ± 0.12, θµ = 0.12 ± 0.04;
• ⾼ Ntext jet fakes θ × Nℓ�ℓ

3.12 tt̄ MC 中 fakes 别 中

eµ 别 作 fake factor closure

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%

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. Njet 与⾼ Njet 别 3.13作

jet tt̄ jet

别 fake factor 中 fake factor

Njet ⾼ Njet 3.13 tt̄

fake factor ⽅ b-jet

别作 3.14所

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

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%

3.14 The fake factors with and without b−jet.

5. prompt SS fake factor 中 prompt SS 作

理 fake factor 理 fake

factor 中 中 1%

Fake factor 所 3.15 Table 3.16中

Non-closure µ W Z 30% 40%

electron fake factor QmisID 30%

10% ⼦ 理

Njet 类别 ⼦ fake factor ⾼ µ⼦
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60% 72%

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

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

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

3.2.3

3.17 3.18 别 Njet ≥ 2 Njet ≥ 3

与 fakes fake factor√
(θsys.ℓ × Nmedian

jet fakes)
2 + θℓ × Nmedian

jet fakes

中 θsys.ℓ fake factor Nmedian
jet fakes fakes ⼦ 中

fakes ⾼ 30% ee 中 fakes 作

⾼ 44% 3.5 3.6 Njet 别 Njet ≥ 2 Njet ≥ 3
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3.1 与 2

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

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

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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3.5 The comparisons between data and backgrounds at pre-selection level, corresponding

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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3.6 The comparisons between data and backgrounds at pre-selection level, corresponding

to Njet ≥ 3. 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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