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Status 

• Now: working on 500 GeV 𝑒+𝑒−ℎ and 𝜇+𝜇−ℎ  
with proper tau polarization samples 
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Event Reconstruction 

• Lepton finder and tau finder for 𝜈𝜈ℎ & ℓ+ℓ−ℎ 

– Previous: kT-4, then lepton finder, then tau finder. 
But kT will discards some of physics signal object. 
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Lepton Finding 
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using ECALFRAC = 
𝐸ECAL

𝐸ECAL+𝐸HCAL
 and EbyP = 

𝐸ECAL+𝐸HCAL

𝑃track
 

ECALFRAC EbyP 
     𝑒 
     𝜇 

𝑒-ID: ECALFRAC > 0.96 && EbyP > 0.6 
𝜇-ID: ECALFRAC < 0.6 && EbyP < 0.6 



Lepton Selecting (𝑒-ID) 
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     parent = 𝑍 or 𝑒 
                  = 𝜏 = Higgs 
                  = overlay 

𝑑0sig  

𝑧0sig  

𝐸PFO 

required: 
𝑑0sig < 2, 𝑧0sig < 2, 

𝐸PFO > 10 



Lepton Selecting (𝜇-ID) 
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     parent = 𝑍 
                  = 𝜏 = Higgs 
                  = overlay 

𝑑0sig  

𝑧0sig  

𝐸PFO 

required: 
𝑑0sig < 2, 𝑧0sig < 2, 

𝐸PFO > 25 



500 GeV 𝑒+𝑒−ℎ 
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Cut-based Analysis: Cut Flow 
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Cut 0 (pre-cuts): flag = 1 (𝑒 type), # of 𝜏+ − ≥ 1, # of tracks <= 12 
Cut 0.5 (basic cuts): 
150 < 𝐸vis < 585, 110 < 𝑀vis < 580, 𝑃𝑡 > 55, 
90 < 𝐸𝑒𝑒 < 425, 𝑀𝑒𝑒 < 415, 𝑀𝜏𝜏 < 260 
Cut 1: 𝑃𝑡 > 215 
Cut 2: 𝑃𝑡 all > 15 
Cut 3: thrust < 0.92 
Cut 4: 𝑀𝑒𝑒 > 50 
Cut 5: cos 𝜃𝑒𝑒 > 0.57 
Cut 6: 𝐸𝜏𝜏 > 100 
Cut 7: 𝑀𝜏𝜏 < 125 
Cut 8: cos 𝜃𝜏𝜏 < 0.69 
Cut 9: cos 𝜃acop < 0.99 

Cut 10: log10 𝑑0sig 𝜏+ + log10 𝑑0sig 𝜏− > 0.4 



Cut Table & Results 
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remained Nsig = 11.50, Nbkg = 0.48 
𝑆

𝑆 + 𝐵
= 𝟑. 𝟑𝟐𝝈 ↔

Δ 𝜎 × BR

𝜎 × BR
= 𝟑𝟎. 𝟏% 



TMVA (BDTG) Analysis 

• 10 input variables 

– 𝐸vis, 𝑃𝑡 

– 𝑀𝑒𝑒, 𝐸𝑒𝑒, cos 𝜃𝑒𝑒  

– 𝑀𝜏𝜏, cos 𝜃𝜏𝜏, cos 𝜃acop, log10 𝑑0sig 𝜏+ +

log10 𝑑0sig 𝜏− , 
log10 𝑧0sig 𝜏+ + log10 𝑧0sig 𝜏−  

• Training parameters 

– nCuts = 60, Shrinkage = 0.11, MaxDepth = 3, 
NTrees = 400, nEventsMin = 100 
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Results 
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Nsig = 15.660, Nbkg = 0.035 
𝑆

𝑆 + 𝐵
= 𝟑. 𝟗𝟓𝝈 ↔

Δ 𝜎 × BR

𝜎 × BR
= 𝟐𝟓. 𝟐% 

KSsig = 0.00291 
KSbkg = 0.876 
(OVERTRAINING) 



500 GeV 𝜇+𝜇−ℎ 
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Cut-based Analysis: Cut Flow 
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Cut 0 (pre-cuts): flag = 2 (𝜇 type), # of 𝜏+ − ≥ 1, # of tracks <= 12 
Cut 0.5 (basic cuts): 
160 < 𝐸vis < 570, 110 < 𝑀vis < 560, 𝑃𝑡 > 80, 
80 < 𝐸𝜇𝜇 < 300, 15 < 𝑀𝜇𝜇 < 250, 𝑀𝜏𝜏 < 175, 𝑀recoil > 60 

Cut 1: 𝑀vis < 500 
Cut 2: 𝑃𝑡 > 200 
Cut 3: 𝑃𝑡 all > 25 
Cut 4: thrust < 0.94 
Cut 5: cos 𝜃miss < 0.94 
Cut 6: 𝐸𝜇𝜇 > 215 

Cut 7: 𝑀𝜇𝜇 < 105 

Cut 8: 𝑀𝜏𝜏 > 35 
Cut 9: cos 𝜃𝜏𝜏 < 0.56 



Cut Table & Results 
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remained Nsig = 28.26, Nbkg = 4.11 
𝑆

𝑆 + 𝐵
= 𝟒. 𝟗𝟕𝝈 ↔

Δ 𝜎 × BR

𝜎 × BR
= 𝟐𝟎. 𝟏% 



TMVA (BDT) Analysis 

• 10 input variables 

– 𝑀vis, 𝐸vis, 𝑃𝑡, thrust 

– 𝑀𝜇𝜇, 𝐸𝜇𝜇 

– 𝑀𝜏𝜏, cos 𝜃𝜏𝜏, 
log10 𝑑0sig 𝜏+ + log10 𝑑0sig 𝜏− , 
log10 𝑧0sig 𝜏+ + log10 𝑧0sig 𝜏−  

• Training parameters 

– nCuts = 50, MaxDepth = 3, NTrees = 350, 
nEventsMin = 20 
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Results 
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KSsig = 0.810 
KSbkg = 0.00448 
(OVERTRAINING) 

Nsig = 32.29, Nbkg = 0.91 
𝑆

𝑆 + 𝐵
= 𝟓. 𝟔𝟎𝝈 ↔

Δ 𝜎 × BR

𝜎 × BR
= 𝟏𝟕. 𝟖% 



Summary & Next 
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Next: 
- some additional study in analysis 
- separation of 𝑍ℎ and 𝑊𝑊-fusion in 500 GeV 𝜈𝜈ℎ 

500 GeV, 500 fb-1 𝒒𝒒𝒉 𝒆+𝒆−𝒉 𝝁+𝝁−𝒉 𝝂𝝂𝒉 

Δ 𝜎 × BR

𝜎 × BR
 4.6% 25.2% 17.8% 6.9% 

250 GeV, 250 fb-1 𝒒𝒒𝒉 𝒆+𝒆−𝒉 𝝁+𝝁−𝒉 𝝂𝝂𝒉 

Δ 𝜎 × BR

𝜎 × BR
 3.4% 14.4% 11.3% 32.4% 


