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Introduction

• Standard model (SM) :

• Advantage: Precisely describes the fundamental elements of the matter and 

the interactions between them. 

• Problems: hierarchy problem, grand unification of gauge couplings, dark 

matter... -> BSM physics is strongly motivated.

• Supersymmetry (SUSY): one of the most appealing BSM theories.

• Introduce new symmetry between bosons and fermions.

• No SUSY particles were discovered so far. -> Limits at LHC.
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Introduction

• This presentation focus on electroweakino search targeting direct EWK production of chargino-

neutralino pairs, decaying into LSP via W/h boson.

• Final state: exactly one isolated lepton (ele or mu), b-jets and large missing transverse momentum.

• Targeting full Run 2 data of 139 fb-1.

• Target mh < Δ𝑚 (𝜒1
±, 𝜒1

0) < 250 GeV
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Existing results

(Our first round of full run-2 analysis)



Event Classification: BDT Training

• Use BDT method to classify the events:

• Framework: XGBoost

• Input variables: including object-level and event-level variables.

• Input samples: multiple signal sample (mh < Δ𝑚 (𝜒1
±, 𝜒1

0) < 250 GeV) and 

SM background sample.

• Events are classified in five different categories: Signal and 4 background 

processes (𝑡 ҧ𝑡, Single-top, W+jets, Other minor background). 

• Trained in 1 vs rest multi-classification procedure. -> better than using a 

binary signal vs background classifiers.

• Output: BDTscore (w) for signal and different background.
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https://arxiv.org/abs/1603.02754


Event Classification: BDT Training

• Used SHAP (SHapley Adaptive exPlanations, 2017) ‘State of the 

art for explaining feature importance’ to understand the real 

impact of input features and how they are used in the model 

• It evaluates the change in each output score when a feature is 

considered vs not considered. 

• Rather intuitive results for the dominant variables: 

• mbb has the greatest impact in the signal score 

• mT and 𝜎
𝐸𝑇
𝑚𝑖𝑠𝑠 also have a large impact in the signal score 

• mT has the largest impact for the W category, amT2 has the largest impact 

for the ttbar category 
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Event selection

• Exactly one lepton with PT > 27 GeV

• 2-3 Jets with PT > 30 GeV

• Exactly two b-tagged jets

• 90 GeV < mbb < 140 GeV

• 𝐸𝑇
𝑚𝑖𝑠𝑠 > 50 GeV

• 𝜎
𝐸𝑇
𝑚𝑖𝑠𝑠 > 8

• 𝑤𝑠𝑖𝑔 ∈ [0.91,0.928,0.948,0.964,1]
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• As expected, events with high wsig score have large 𝐸𝑇

𝑚𝑖𝑠𝑠 , 𝜎
𝐸𝑇
𝑚𝑖𝑠𝑠 and amT2 and have mbb close to the mass of higgs. 

SR definition



Background estimation

• Dominant background: 𝑡 ҧ𝑡 (30% - 35%), Single-top(30% - 35%), W+jets (15% - 20%)

• Define dedicated CRs to estimate the backgrounds and VRs to validate the estimation.

• Use BDT score to define corresponding regions.

• Small background: 𝑍+jets, diboson, 𝑡 ҧ𝑡 + 𝑉 and Higgs boson production processes
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Low 𝒘𝒔𝒊𝒈 to reduce signal contamination. 

Use BDTscore cuts for each background to maximize 
the background purity in corresponding CR.

Higher 𝒘𝒔𝒊𝒈 than CR to approach SR. 



Background estimation
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𝒕 ҧ𝒕 VR Single-top VR

The data and the background 

expectation in all VRs agree well 

within around 1σ



Systematic Uncertainties
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✓ The uncertainties in the Normalization of dominate background contribute 9 - 16% for each SR.

✓ The dominant experimental uncertainty arises from the JER (12% - 20%) followed by the JES and 𝑏-tagging

✓ The MC statistical uncertainties contribute up to 19% depending on the SR.



Fit strategy

• Fit using HistFitter:

• Background only fit: Only the CRs are used to constrain the fit parameters. Any potential signal 

contribution is neglected everywhere. -> To calculate background estimation in SRs and VRs.

• Model-dependent fit: Both CRs and SRs are used in the fit. The signal contribution is taken into 

account as predicted by the tested model in all the regions. -> To calculate the exclusion limits.

• Model-independent fit: Both CRs and SRs are used in the fit. The signal is independently 

considered in each SR without specific model. -> To derive model-independent upper limits.
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Results: Background only fit
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mu_ 𝒕 ҧ𝒕 = 1.00 ± 0.29

mu_single-top  = 0.95 ± 0.19

mu_W+jets = 1.30 ± 0.05

No significant excesses are observed in data above the SM prediction. 

Fit parameter Pull plot



Results: Model-dependent fit
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✓ Exceed previous constraints at low 𝚫𝐦 (𝛘𝟏
±/

𝛘𝟐
𝟎, 𝛘𝟏

𝟎) by up to 40 GeV in the range of 200 –

260 GeV and 280 – 470 GeV in 𝐦 (𝛘𝟏
±, 𝛘𝟐

𝟎).



Results: Model-independent fit
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Summary
• Presented a search for direct EWK production of chargino-

neutralino, decaying to 1L via W/h and LSP.

• The search is performed in events with one isolated lepton, b-jets 

and 𝐸𝑇
𝑚𝑖𝑠𝑠 based on full Run-2 data.

• The BDT-based approach is used to improve the sensitivity in the 

complex compressed phase-space.

• No significant deviation from the expected Standard Model 

background is observed.

• The current search improve previous constraints at low Δm (χ1
±/

χ2
0, χ1

0) by up to 40 GeV in the range of 200 – 260 GeV and 280 –

470 GeV in m (χ1
±, χ2

0).

• Model-independent fit results are also provided.

• More details in arvix (https://arxiv.org/abs/2310.08171). 14

https://arxiv.org/abs/2310.08171


Backup
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SUSY EWK model
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Data and simulated samples

• Data: full Run-2 data, corresponding to 139 𝑓𝑏−1 data collected between 2015 and 2018.

• Background samples:

• Signal samples: 

• LSP is bino-like; ෤𝜒1
± and ෤𝜒2

0 are wino-like and mass-degenerate

• Generated using aMC@NLO +Pythia 8. Cross sections calculated at NLO+NLL.

• The production cross-section of both processes decreases as the mass of the ෤𝜒1
± increases.

• The cross-section is 0.62 fb (1.34fb) for C1N2(1000,0) and C1C1(1000,0).
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Object reconstruction

✓ AnalysisOverlap removal procedure applied to baseline objects and 

relied on SUSY background forum recommendation.

✓ Dedicated isolation study performed for electron/muon identification.
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Large-R Jet

Met



trigger

• Events are recorded with the ORing of a list of single lepton (electron and muon) triggers.
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Some key variables
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• Theoretical uncertainty:

• Signal: 

• factorization, renormalization, CKKW

• Ttbar & single-top: 

• Parton Shower, Hard Scattering, ISR, FSR, interference 

between single-top Wt and ttbar production.

• Wjets & Zjets: 

• Renorm, Factor, RenormFactor, PDF, CKKW, QSF, EWK 

correction.

• Diboson & ttV & tth & Vh:

• Renorm, Factor, RenormFactor, PDF

• Experimental uncertainty:

• jet energy scale (JES)

• jet energy resolution (JER)

• 𝐸𝑇
𝑚𝑖𝑠𝑠 modeling

• lepton reconstruction and identification

• pile-up/JVT

Systematic Uncertainties

✓ For major bkgs with dedicated CRs: uncertainty calculated based on transfer factor from CR to SR.

✓ For small bkgs : Estimated using yields uncertainty. cross-section uncertainties are considered.
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