
  
Image source: Sterile Neutrino Contraints

Measuring dark 
neutrinos at ILC

Preliminary results

Simon Hayakawa
Supervised by Junping Tian

https://www.hep.ucl.ac.uk/~pbolton/


  

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



  

Dataset
1. Background: MC-2020 full simulation data
• 1000 fb-1 of (-0.8, +0.3), iLCSoft v02-02
• 2f, 4f, 6f, qqh_ww (no MC truth preselection)

2. Signal: Full simulation data
● Only one decay mode
● 979 events
● eLpR
● More events are in the making



  

Distributions
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Mass distributions
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 mND  mND – mW + mW0



  

Machine learning
● Boosted decision tree (TMVA)
● 50 trees, 3 nodes at most, optimize gini index
● Weighted events. Reweighted to have equal number of 

dark neutrino and background events
● Additional input parameters:

● Lepton cos(θ) in dark neutrino rest frame
● Dark neutrino cos(θ) in Higgs rest frame
● Corrected dark neutrino mass



  

Cut table – eLpR beam – 1% BR



  

Preliminary Significance
● eRpL samples not included 

→In reality the significance 
is higher

● Uses mND as input to MVA 
→”cheating”

● BR of at least 0.5% can be 
detected with 5σ

● BR of 0.1% can likely be 
excluded with 2σ



  

Future work
● More dark neutrino samples

● More decay modes
● More events
● eRpL samples

● Inclusive Higgs decay as background

● Investigate potential bug with angles



  

Mass distribution after all cuts
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