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Review of Current Numbers (1) 
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250 GeV 

250 fb-1 𝒒𝒒 𝒉 𝝂𝝂 𝒉 𝒆+𝒆−𝒉 𝝁+𝝁−𝒉 

Δ 𝜎 × BR

𝜎 × BR
 3.4% 46.0% 16.1% 14.7% 

Status DONE 

Extrapolation from 

Mh = 120 GeV 

Cut-based only 

now working 



Review of Current Numbers (2) 
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500 GeV 

500 fb-1 𝒒𝒒 𝒉 𝝂𝝂 𝒉 𝒆+𝒆−𝒉 𝝁+𝝁−𝒉 

Δ 𝜎 × BR

𝜎 × BR
 4.7% 6.8% 31.2% 17.6% 

Status 
Mh = 125 GeV with TMVA 

But wrong tau pol. 

used buggy tau finder 

separation 𝑍ℎ and 𝑊𝑊-fusion is needed 

MC stat. was not enough 

training parameter optimization is needed for all modes 



Today’s topic: 250 GeV 𝜈𝜈 ℎ 

• Second largest number of signal at 250 

GeV, but background rejection is very 

difficult. 

– 2f: 𝜏𝜏 

– 4f: 𝜈𝜈𝜏𝜏 (irreducible), 𝜈𝜈ℓℓ 

– aa_2f: 𝛾𝛾 → 𝜏𝜏, 𝛾𝛾 → ℓℓ 

• These background processes are like the 

irreducible processes because of 

neutrinos and initial photons. 
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Event Reconstruction 
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Tau reconstruction 

clustering based on tau mass 

 

Most energetic 𝜏+ and 𝜏− are combined 

as a Higgs boson 

𝜈 

𝜈  



Cut-based Analysis 
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Cut 0 (pre-cuts): # of 𝜏+ 𝜏− ≥ 1, # of tracks <= 6 

Cut 0.5 (basic cuts): 5 < 𝐸vis < 150, 5 < 𝑀vis < 135, 

                                 𝑀inv > 75, 𝑃𝑡 > 5, thrust > 0.7, 

                                 cos 𝜃miss < 0.99, (# of 𝐸 > 3 tracks) >= 1, 

                                 (# of 𝑃𝑡 > 2 tracks) >= 1 

Cut 1: 𝑀vis < 105 

Cut 2: 𝑀inv > 120 

Cut 3: 𝑃𝑡 > 25 

Cut 4: thrust > 0.82 

Cut 5: cos 𝜃miss < 0.94 

Cut 6: 𝑀𝜏𝜏 > 10 

Cut 7: −0.89 < cos 𝜃𝜏𝜏 < −0.52 

Cut 8: cos 𝜃acop < 0.99 

Cut 9: log10 min𝑑0sig > 0.3 

pre-cuts: requiring signal topology 

basic cuts: very loose cuts, but quite 

significant to suppress trivial process 



Example Plot (Basic Cuts) 
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Example Plot (Final Discriminant) 
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2.32𝜎 ↔ 43.1% 

relatively ~7% better than previous analysis 



TMVA Analysis 

• 13 parameters 

– 𝑀vis, 𝑀inv, 𝐸vis, 𝑃𝑡, thrust, cos 𝜃miss, # of 𝐸 > 5 
tracks, # of 𝑃𝑡 > 5 tracks, 𝑀𝜏𝜏, 𝐸𝜏𝜏, cos 𝜃𝜏𝜏, 
cos 𝜃acop, log10 min𝑑0sig  

• used the file which applied pre-cuts and 
basic cuts 

• tried BDT and BDTG in TMVA 

– still working, need time to optimize training 
parameters... 

– must be better than 43.1%, expecting ~30% 
level 
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Results 
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250 GeV 

250 fb-1 𝒒𝒒 𝒉 𝝂𝝂 𝒉 𝒆+𝒆−𝒉 𝝁+𝝁−𝒉 

Δ 𝜎 × BR

𝜎 × BR
 3.4% 

43.1% 

Cut-based 
16.1% 14.7% 

Status DONE 
TMVA 

running 
(will be ~30%?) 

Extrapolation from 

Mh = 120 GeV 

Cut-based only 

NEXT WORKS 



Additional Challenge 

• Try to get Higgs mass with using an 

approximation. 

• I tried collinear approximation like 

approximation. 
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Collinear Approximation 

• We assume following... 

1. visible tau decay products and invisible 

products are collinear 

2. there are no neutrinos except from tau 

decay 

• In 𝜈𝜈 ℎ, we can’t use this approximation 

due to additional neutrinos. 
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Approximation This Time Tried 

• I assume following... 

1. visible tau decay products and invisible 

products are collinear 

2. set the total invariant mass of decay 

products in 1. to tau mass (1.778 GeV) 

– I can get 4-momentum of neutrino(s) from tau 

decay by approximation. 

• I applied this approximation to 𝜏+ and 𝜏−, 

and get Higgs mass(energy). 
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Plots From Approximation 
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𝑀app 𝑀ℎ  𝐸app 𝐸ℎ  

no peaks, long tails... 

after pre-cuts & basic cuts 



Plots From Approximation 
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𝑀app 𝑀ℎ  𝐸app 𝐸ℎ  

same plot but in wider range 

applying cuts from higher region 

doesn’t make sense 
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What a dirty 

distribution... 

If possible, I want to use better approximation 

in 500 GeV 𝜈𝜈 ℎ... because it has 

the largest number of signal events. 

maybe need to 

check/develop in each 

tau decay mode to get 

better results in this 

approximation... 

SK 



Summary 

• The background rejection for 𝜈𝜈 ℎ signal is 

very difficult due to lots of neutrinos and 

initial photons. 

• Contribution of 250 GeV 𝜈𝜈 ℎ looks small, 

expecting 
Δ 𝜎×BR

𝜎×BR
~30% level. 

• First approximation trial gives me dirty 

things. If possible, I want to use better 

approximation especially in 500 GeV 𝜈𝜈 ℎ. 

• Next: 250 GeV ℓ+ℓ−ℎ, then 500 GeV 
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