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Main goal
● Hypothesized dark sector model with a weak-like force

● Can explain matter-antimatter asymmetry
● Heavy dark neutrinos

● My focus: mZ < mND < mH

● Higgs decay product

● Goal: Investigate the sensitivity of
ILC for detecting the dark neutrino



  

H→WW*
● H→WW*→Wlν likely largest background
● No simulated samples of the dark neutrino 

model yet
● H→WW* interesting to study on its own

Conclusion:
● Use H→WW*→qqlν as a pseudosignal
● H→WW*→qqlν main focus of presentation
● For now, only study Z→qq



  

Cut method
1. Dataset: MC-2020 full simulation data, 1000 fb-1 each for 

(+0.8, -0.3) and (-0.8, +0.3), iLCSoft v02-02
• Signal: qqh_ww (only W*→lν, W→qq)
• Background: 2f, 4f, 6f

2.Pre-selection

3.Cuts

4.MVA cuts



  

Pre-selection
●  Enforce four jets with Durham clustering
●  Require at least one isolated lepton (neural network)

● Muon: lepton finder output > 0.7
● Electron: lepton finder output > 0.5

● Pair jets to Z and W to minimize

● Mass resolution calculated by pairing jets based on whether 
a jet contains the most energy from MC W or MC Z



  

Cuts
● Separate cuts for eLpR, eRpL beam (1000 fb-1 each)
● Main backgrounds: hadronic and semileptonic decays

● Missing energy, lepton energy     (semileptonic)
● Isolated lepton finder output value  (hadronic)
● 4-jet invariant mass    (semileptonic + hadronic)
● Jet distance y4→3 (semileptonic)
● Number of particles in smallest jet (semileptonic)
● Missing momentum    (semileptonic + hadronic)
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Machine learning
● Boosted decision tree (TMVA)
● 100 trees, 4 nodes at most, optimize significance
● Weighted events
● Input parameters:

● Lepton energy, missing energy
● 4-jet combined momentum
● Angle between isolated lepton and closest jet, lepton 

cos(θ), missing momentum cos(θ), Z boson cos(θ), W 
boson cos(θ) in H rest frame

● Higgs mass, Z mass, W mass



  

Cut table – eLpR beam



  

Cut table – eRpL beam



  

Significance
● eLpR + eRpL combined significance: 58σ
● Previous study of ZH→qqWW*→qqqqlν at ILC (H. Ono): 

36σ
● Both W*→lν and W*→qq were used

● Previous study of H→WW* significance, with all decay 
modes: 61σ

● Major improvement of significance compared to previous 
studies



  

Future work
● Begin analyzing dark neutrino model
● Signal sample generation ongoing

● Heavy neutrino model for Whizard
● Check that the samples have reasonable outputs
● Apply further cuts to reduce ZH→qqWW*→qqqqlν 

background
● Helicity angle
● Mass resonance at dark neutrino mass

Image source: Symmetry Magazine

https://www.symmetrymagazine.org/article/the-hidden-neutrino


  

Techincal details
● Use ROOT::RDataFrame in Jupyter notebook 

Simplifies: 
● Making and analyzing cuts
● Defining new variables
● Running the code in parallel
● Visualize the filtered data
● Exploratory data analysis
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