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Result @ 35th General Meeting 
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𝒔 250 GeV 500 GeV 

∫ 𝑳 𝒅𝒕 250 fb-1 500 fb-1 

Mode 

𝑞𝑞 ℎ  
𝑒+𝑒−ℎ 
𝜇+𝜇−ℎ 

𝜈𝜈 ℎ 𝑞𝑞 ℎ 𝑒+𝑒−ℎ 𝜇+𝜇−ℎ 

Δ(𝜎 ⋅ Br)

(𝜎 ⋅ Br)
 

Cut-based 

4.2% 
Extrapolation from 

𝑀ℎ = 120 GeV 

to 𝑀ℎ = 125 GeV 

7.4% 5.1% 20.8% 18.2% 

Δ(𝜎 ⋅ Br)

(𝜎 ⋅ Br)
 

TMVA 

- 6.0% 4.6% 22.7% 17.5% 



Progress: aa_2f background 

• I included aa_2f background processes (SGV 
sample) to this analysis. 

• Previous status: ongoing due to bugs 

• I will report the first completed results. 
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𝑞𝑞 ℎ @ 500 GeV 
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Analysis Procedure 

1. Applying 𝑘𝑇 clustering with 𝑅 = 1.2 so far 
(need optimization) 

2. Applying tau finder for 𝑞𝑞 ℎ 
(parameterization of tau finder should be 
optimized), get tau candidates 

3. Applying collinear approximation to 
reconstruct Higgs mass 

4. Applying Durham 2-jet clustering to 
remaining objects to reconstruct 𝑍 boson 
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Cut-based Analysis 
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Cut 0 (pre-sel): # of q == 2, # of 𝜏+(−) == 1,  
                            # of tracks >= 9, 𝑀col > 0, 𝐸col > 0 
Cut 1: 𝑃𝑡 > 190 
Cut 2: thrust < 0.93 
Cut 3: cos 𝜃miss < 0.96 

Cut 4: 80 < 𝑀𝑍 𝑀𝑞𝑞 < 145 

Cut 5: 𝐸𝑍 𝐸𝑞𝑞 > 190 

Cut 6: 𝑀𝜏+𝜏− < 125 
Cut 7: 𝐸𝜏+𝜏− < 235 
Cut 8: cos 𝜃𝜏+𝜏− < 0.58 
Cut 9: log10 |𝑑0sig(𝜏

+)| + log10 |𝑑0sig(𝜏
−)| > 0.2 

Cut 10: 110 < 𝑀col < 140 
Cut 11: 𝐸col < 290 
Cut 12: 𝑀recoil > 50 



Example: 110 < 𝑀col < 140 
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Cut Table & Result 
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𝑁sig

𝑁sig +𝑁bkg
=

548.5

548.5 + 170.5
= 20.5𝜎 ↔ 𝟒. 𝟗% 

aa_2f process is completely suppressed! 



TMVA Analysis 

• 17 inputs 

– # of tracks, 𝑀vis, 𝑃𝑡, thrust, cos 𝜃miss , 𝑀𝑍, 𝐸𝑍, 
cos 𝜃𝑞𝑞 , 𝑀𝜏𝜏, 𝐸𝜏𝜏, cos 𝜃𝜏𝜏, cos 𝜃acop, d0sig, z0sig, 

𝑀col, 𝐸col, 𝑀recoil 

• Applied pre cuts as follows: 

– # of q = 2, # of 𝜏+(𝜏−) = 1, 𝑀col > 0, 𝐸col > 0, # 
of tracks >= 9 (pre-selection) 

– 100 < 𝑀vis < 510, 𝑃𝑡 > 80, thrust < 0.98, 
𝑀𝑍 > 20, 𝐸𝑍 > 80, 𝑀𝜏𝜏 < 140, 𝑀col > 20, 
100 < 𝐸col < 400 

36th General Meeting @ KEK (2014/April/19) 9 



BDTG output 

10 

𝑁sig

𝑁sig +𝑁bkg
=

659.0

659.0 + 303.4
= 21.2𝜎 ↔ 𝟒. 𝟕% 



𝜈𝜈 ℎ @ 500 GeV 
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Analysis Procedure 

1. Applying 𝑘𝑇 clustering with 𝑅 = 1.0 

2. Applying tau finder for 𝜈𝜈 ℎ & ℓ+ℓ−ℎ 
(parameterization in tau finder should be 
optimized) 
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Cut-based Analysis 
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Cut 0 (pre-sel): # of 𝜏+(−) >= 1, # of tracks <= 6 
Cut 1 (pre-sel 2): # of energetic tracks >= 1, 𝑃𝑡 > 10 
Cut 2: 𝑀vis < 130 
Cut 3: 𝐸vis < 215 
Cut 4: 𝑃𝑡 > 50 
Cut 5: 0.7 < thrust < 0.97 
Cut 6: cos 𝜃miss < 0.89 
Cut 7: 25 < 𝑀𝜏+𝜏− < 115 
Cut 8: 𝐸𝜏+𝜏− > 35 
Cut 9: −0.81 < cos 𝜃𝜏+𝜏− < 0.55 
Cut 10: cos 𝜃acop < 0.96 

Cut 11: log10 |min 𝑑0sig | > 0.4 

energetic: 
tracks which satisfy 𝑃𝑡 > 5 



# of energetic tracks >= 1 
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log10 |min 𝑑0sig | > 0.4 
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Cut Table & Result 
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𝑁sig

𝑁sig +𝑁bkg
=

1036

1036 + 6872
= 11.7𝜎 ↔ 𝟖. 𝟓% 

lots of aa_2f were remained... 



TMVA Analysis 

• 12 inputs 

– # of tracks, 𝑀vis, max𝑃𝑡 (for charged particle), 𝑃𝑡, 
# of energetic tracks, thrust, cos 𝜃miss, 𝑀𝜏𝜏, 𝐸𝜏𝜏, 
cos 𝜃𝜏𝜏, cos 𝜃acop, min𝑑0sig 

• Applied pre-cuts as follows: 

– # of tracks <= 6, # of 𝜏+ 𝜏− ≥ 1, # of energetic 
tracks >= 1, 𝑃𝑡 > 10 (pre-selection) 

–𝑀vis < 135, thrust > 0.7 
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BDTG output 

18 

𝑁sig

𝑁sig +𝑁bkg
=

1361

1361 + 8648
= 13.6𝜎 ↔ 𝟕. 𝟒% 



500 GeV Summary: Current Numbers 
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Significance 
𝚫(𝝈 ⋅ 𝐁𝐑)

(𝝈 ⋅ 𝐁𝐑)
 

𝒒𝒒 𝒉 𝝂𝝂 𝒉 𝒆+𝒆−𝒉 𝝁+𝝁−𝒉 

Cut-based 
20.5𝜎 
4.9% 

11.7𝜎 
8.5% 

3.2𝜎 
31.3% 

5.0𝜎 
20.0% 

TMVA 
21.2𝜎 
4.7% 

13.6𝜎 
7.4% 

3.2𝜎 
31.2% 

5.7𝜎 
17.6% 

used all available 500 GeV TDR samples 
+ aa_2f samples (SGV) 



Next Steps 

• 500 GeV 

– check & more optimization (including tau finder 
study) 

– separating 𝑍ℎ and 𝑊𝑊-fusion in 𝜈𝜈 ℎ process 

• still working... 

• 250 GeV study (not started yet...) 

• Write a paper & PhD thesis (not started yet...) 
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BACKUP SLIDES 

𝑒+𝑒−ℎ @ 500 GeV 

𝜇+𝜇−ℎ @ 500 GeV 
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Analysis Procedure 

1. Applying 𝑘𝑇 clustering with 𝑅 = 1.0 so far 

2. Applying isolated lepton finder to find 𝑒(𝜇) 
from 𝑍 boson, and reconstruct 

3. Applying tau finder for 𝜈𝜈 ℎ & ℓ+ℓ−ℎ 

4. Applying collinear approximation to 
reconstruct Higgs mass 
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Cut-based Analysis 

23 

for 𝜇+𝜇−ℎ 

Cut 0 (pre-sel): # of 𝜏+(−) >= 1, 
flag == 2, # of tracks <= 8, 
𝑀col > 0,  𝐸col > 0  
Cut 1: 𝐸vis < 420 
Cut 2: 𝑃𝑡 > 195 
Cut 3: thrust < 0.93 
Cut 4: | cos 𝜃miss | < 0.98 

Cut 5: 80 < 𝑀𝑍 𝑀𝜇+𝜇− < 95 

Cut 6: 𝑀𝜏+𝜏− < 85 
Cut 7: 𝐸𝜏+𝜏− > 20 
Cut 8: cos 𝜃acop < 0.97 

Cut 9: 𝑀recoil < 365 

for 𝑒+𝑒−ℎ 

Cut 0 (pre-sel): # of 𝜏+(−) >= 1, 
flag == 1, # of tracks <= 8, 
𝑀col > 0,  𝐸col > 0  
Cut 1: 𝑀vis < 420 
Cut 2: 𝑃𝑡 > 150 
Cut 3: thrust < 0.93 
Cut 4: | cos 𝜃miss | < 0.96 
Cut 5: 𝑀𝑍 𝑀𝑒+𝑒− > 45 
Cut 6: 𝑀𝜏+𝜏− > 50 
Cut 7: 𝐸𝜏+𝜏− > 85 
Cut 8: cos 𝜃𝜏+𝜏− < 0.57 
Cut 9: 105 < 𝑀col < 150 
Cut 10: 𝐸col > 210 
Cut 11: 105 < 𝑀recoil < 200 



Cut Table & Results 
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𝜇+𝜇−ℎ 

𝑒+𝑒−ℎ 

𝑁sig

𝑁sig + 𝑁bkg
=

27.8

27.8 + 3.4
= 5.0𝜎 ↔ 𝟐𝟎. 𝟎% 

𝑁sig

𝑁sig + 𝑁bkg
=

12.3

12.3 + 2.8
= 3.2𝜎 ↔ 𝟑𝟏. 𝟑% 



TMVA Analysis 

• 15 inputs 

– # of tracks, 𝑀vis, 𝑃𝑡, thrust, cos 𝜃miss, 𝑀𝑍, 𝐸𝑍, 
cos 𝜃𝜇𝜇  𝑀𝜏𝜏, 𝐸𝜏𝜏, cos 𝜃𝜏𝜏, cos 𝜃acop, 𝑀col, 𝐸col, 

𝑀recoil 

• Pre cuts are applied: 

– 𝜇+𝜇−ℎ: pre-selection, 100 < 𝑀vis < 500, 
𝑃𝑡 > 70, thrust < 0.99 

– 𝑒+𝑒−ℎ: pre-selection, 100 < 𝑀vis < 550, 
𝑃𝑡 > 50, 𝑀𝑍 > 15, 𝐸𝑍 > 100, 𝐸col > 15 
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BDT output 
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𝜇+𝜇−ℎ 𝑒+𝑒−ℎ 

𝑁sig

𝑁sig + 𝑁bkg
=

34.9

34.9 + 2.7
= 5.7𝜎 ↔ 𝟏𝟕. 𝟔% 

𝑁sig

𝑁sig + 𝑁bkg
=

24.7

24.7 + 34.7
= 3.2𝜎 ↔ 𝟑𝟐. 𝟐% 

JIgzag shape: due to low statistics 


