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Introduction to the analysis

• Production of single top with Dark matter (DM) →

Increases coverage of other analysis (example DM𝑡 ҧ𝑡).

• Theoretical model → Two Higgs doublets + 𝑎

pseudoscalar mediator (2HDM+𝑎).

• Analysis focused on 𝑡𝑊 channel → Enhances cross-

section due to on-shell production of 𝐻±.

• Analysis → Focusing on one-lepton signature.
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Benchmark model and signal signature 

Signal signature

• 𝑁lep = 1

• 𝑁jet ≥ 3 and 𝑁bjet ≥ 1

• High 𝐸T
miss associated with the 

undetected DM and neutrino

Background events

• Top (𝑡 ҧ𝑡, single top)

• 𝑊+jets

• Small contributions (𝑍+jets, 𝑡 ҧ𝑡 + 𝑉, 

diboson, QCD) 

𝑡 → (𝑊 → ℓ𝜈ℓ/𝑞ത𝑞′)𝑏

𝑊 → ℓ𝜈ℓ/𝑞ത𝑞′



Page 3

Project objective

• 𝑊+jets background estimated using a semi-

data-driven technique.

• Compute normalisation factor (NF) of 

𝑊+jets MC prediction in control region (CR 

– enriched with this background) 

• Propagate NF to signal region (SR) through

simultaneous statistical fit.

• Study the composition of 𝑊+jets in the CR 

and SR
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𝑾+jets background studies
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Truth type and origin of leptons. 𝑊 → 𝜏𝜈𝜏 contribution.

Jet composition study (flavour).

• MCTruthClassifier → Tool to classify particles in MC samples → Leptons (type, origin) 

and jets (flavour).
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Truth type and origin 
of leptons

• In both regions → Isolated (good quality) 

electrons and muons → >99.9 % of the 

leptons. (1)

• Two small contributions survive:

• Background electrons → Photon 

conversion and Dalitz decay. (2)

• Hadrons → Misidentification as lepton.

(3)

𝑾+jets CR and SR
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𝑾 → 𝒆𝝂𝒆/𝝁𝝂𝝁/𝝉𝝂𝝉 contributions

• Check similarity of contributions both in 𝑊+jets CR and SR.

• Three decay channels →𝑊 → ℓ𝜈ℓ, ℓ = 𝑒, 𝜇, 𝜏 .

• Similar branching rations (BRs): Γ 𝑊 → ℓ𝜈ℓ ≈ 11%.

• 𝑊 → 𝜏𝜈𝜏 has smaller contribution → only if tau further decays into 𝑒 or 𝜇 can be selected.

• Γ 𝜏 → 𝑒𝜈𝑒𝜈𝜏 ≈ Γ 𝜏 → 𝜇𝜈𝜇𝜈𝜏 ≈ 17.5%→ Comparable contributions.

• 𝑊 → 𝜏𝜈𝜏 contribution suppressed in 𝑊+jets SR → cuts on 𝑚T.
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𝑹𝑾+𝐣𝐞𝐭𝐬 𝐂𝐑
𝑾→ℓ𝝂ℓ (%) 𝑹𝐒𝐑

𝑾→ℓ𝝂ℓ (%)

𝑾 → 𝒆𝝂 (%) 48.27 45.75

𝑾 → 𝝁𝝂 (%) 45.16 50.49

𝑾 → 𝝉𝝂 (%) 6.57 3.76

𝑅Selection
𝑊→ℓ𝜈ℓ =

𝑁Selection
𝑊→ℓ𝜈ℓ

𝑁Selection
𝑇𝑜𝑡𝑎𝑙

Contributions for each 

channel and selection
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𝑾 → 𝒆𝝂𝒆/𝝁𝝂𝝁/𝝉𝝂𝝉 contributions

• Cuts on 𝑚T suppress contribution from 𝑊 → 𝜏𝜈𝜏 on SR (𝑚T > 100 GeV).

• Differences on 𝑚T distribution due to 3-body decay of tau.
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Suppression of 𝑾 → 𝝉𝝂𝝉 in SR

[GeV]

[GeV]

[GeV]

[GeV]
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Jet composition studies

• Perform jet composition study in 𝑊+jets CR and SR → Is jet composition similar? → Two 

approaches.

• If not → Additional uncertainties (?)

• Filters applied to MC samples → Filters increase the statistics of each jet flavour (BFilter, 

CFilterBVeto, BVetoCVeto).

• Compute contribution of each of the filtered samples → Estimation of jet composition.

• Not all the samples are filtered → Sampled with 𝑊 bosons with 𝑝T / total hadronic 

activity  > 500 GeV are not filtered (>50%).

• Large differences between jet composition in 𝑊+jets CR and SR are not found.
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Filtered samples

Filter 𝑷𝑾+𝐣𝐞𝐭𝒔 𝐂𝐑
𝐅𝐢𝐥𝐭𝐞𝐫 (%) 𝑷𝐒𝐑

𝐅𝐢𝐥𝐭𝐞𝐫 (%)

BFilter 13.23 15.40

CFilterBVeto 10.76 15.16

BVetoCVeto 6.87 10.27

𝑃Selection
Filter =

𝑁Selection
Filter

𝑁Selection
Total
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Jet composition studies

• MCTruthClassifier information →

number of jets of each flavour from 

filtered samples.

• Validate the results obtained from 

filtered contributions:

• Events with 𝑁𝑏 > 0→ BFilter 

contribution.

• Events with 𝑁𝑐 > 0, 𝑁𝑏 = 0→
CFilterBVeto contribution.

• Events with 𝑁𝑐 = 0, 𝑁𝑏 = 0→
BVetoCVeto contribution.
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Validation of the results from filtered contributions
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Jet composition
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Validation of the results from filtered contributions in 𝑾+jets CR

W+jets CR Classification BFilter CFilterBVeto BVetoCVeto

𝑁𝑏 > 0 241.7 265.0

𝑁𝑐 > 0
𝑁𝑏 = 0

208.6 215.6

𝑁𝑐 = 0
𝑁𝑏 = 0

168.0 137.6

Contributions from each filtered sample 

(number of events) → Similar results →

Validated the two methods.

Information up to 6 jets. Slight 

differences expected.
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Jet composition

• Compute number of truth 𝑏 jets and 𝑐 jets in the events in both regions (CR and SR) 

using Truth Classifier.

• Advantage → Takes into account all contributions (filtered and non-filtered).

• Normalised distributions shown in 𝑊+jets CR and SR to compare compositions.

• Similar composition in both regions.
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Other approach → Final results on jet compositions
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Conclusions

• Dominant leptons → Isolated electrons and muons → from 𝑊 decay.

• Background from 𝑊 → 𝜏𝜈𝜏 contribution suppressed in SR → 𝑚T cuts.

• Jet composition has been studied with different approaches:

• Filtered samples contribution.

• Classification of events using the number of truth jets from each flavour →

Validation of previous approach. Alternative study.

• So far studies show similar compositions in both 𝑊+jets CR and SR → NF can 

be propagated from CR to SR through simultaneous statistical fit.
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Backgrounds in the analysis
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Backgrounds in the analysis
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Preselection (%) W+jets CR (%) SR (%)

W+jets 20.24 57.43 24.69

ttbar 65.67 27.34 41.64

Singletop 11.15 11.92 13.59

Diboson 1.57 2.75 4.97

Z+jets 0.26 0.28 0.35

ttV 0.93 0.23 4.14

Others 0.17 0.04 0.22
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MCTruthClassifier
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Legend



Page 17

MCTruthClassifier
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Legend
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MCTruthClassifier
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Legend
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𝒎𝑻 distributions

| W+jets backgorund studies | Antonio J. Gómez Delegido

Preselection, 𝑾+jets CR and SR
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Truth type and origin

• Dominant type and origin →

isolated electrons and muons 

from 𝑊 decay. (1)

• Other contributions:

• Background electrons →

Photon conversion and Dalitz

decay. (2)

• Non isolated leptons →

Baryon and meson decays. 

(3)

• Hadrons → Misidentification. 

(4)

Preselection
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(1)

(3)

(2)
(4)
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Tau contribution
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• The plot shown only contains electrons coming from 𝑊 → 𝜏𝜈 decays.

• Electrons coming from 𝑊 → 𝜏𝜈 are mainly isolated electrons (97%), the rest are 

non isolated electrons (1%), isolated muons (1%). BkgElectrons and hadrons are 

<1%. 

• Electrons from 

𝑊 → 𝜏𝜈 samples 

have as main truth 

origin a W boson.

• Contribution of 

hadrons faking 

leptons <0.2 %.

Isolated electrons

coming from W 

boson

Bkg electrons. Coming

from photon conversion

and Dalitz

NonIsoElectron

<0.01%

Hadron <0.2%

IsoMuon

<0.01%

Electron preselection
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Tau contribution
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Muon preselection

• Muons coming from 𝑊 → 𝜏𝜈 decays are mainly isolated muons (99.99%).

• The truth origin of muons in 𝑊 → 𝜏𝜈 files is in the 99.99% of the cases a W 

boson.

Isolated muons

coming from W 

boson (99.99%)

NonIsoMuons

and BkgMuons

(0.01%)
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Validation of filtered sample computations
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Preselection and SR

SR Classification BFilter CFilterBVeto BVetoCVeto

𝑁𝑏 ≥ 0 38.0 40.6

𝑁𝑐 > 0
𝑁𝑏 = 0

36.1 40.0

𝑁𝑐 = 0
𝑁𝑏 = 0

33.6 27.1

Preselection Classification BFilter CFilterBVeto BVetoCVeto

𝑁𝑏 ≥ 0 2127.3 2298.4

𝑁𝑐 > 0
𝑁𝑏 = 0

1523.80 1592.8 

𝑁𝑐 = 0
𝑁𝑏 = 0

1193.61 953.5
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Truth vs. reco

• 𝑏-tagging algorithm → Efficiency of 77%.

• Two reasons to compare truth 𝑏 jets vs. 𝑏-tagging decision:

• Study if truth 𝑏 jets are properly tagged.

• If cuts do not bias → Percentage of tagging similar in all the regions.
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A comparison of truth 𝒃 jets and 𝒃-tagged jets



Page 25

Truth vs. reco
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A comparison of truth 𝒃 jets and 𝒃-tagged jets

Jet W+jets CR SR

Jet 1

𝜼𝐛𝐣𝐞𝐭
𝐭𝐚𝐠

(%)
90.08 89.43

𝜼𝐛𝐣𝐞𝐭
𝐧𝐨𝐧−𝐭𝐚𝐠

(%)
9.92 10.57

Jet 2

𝜼𝐛𝐣𝐞𝐭
𝐭𝐚𝐠

(%)
94.56 86.22

𝜼𝐛𝐣𝐞𝐭
𝐧𝐨𝐧−𝐭𝐚𝐠

(%)
5.44 13.78

Jet 3

𝜼𝐛𝐣𝐞𝐭
𝐭𝐚𝐠

(%)
72.85 78.57

𝜼𝐛𝐣𝐞𝐭
𝐧𝐨𝐧−𝐭𝐚𝐠

(%)
27.15 21.43

𝜂truth bjet
tag (non−tag)

=
𝑁truth bjet
tag (non−tag)

𝑁truth bjet
tag

+ 𝑁truth bjet
non−tag


