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Introduction

Current Result in H->bb An improvement of more than  
1 order of magnitude in precision at CEPC

Higgs hadronic decay: 
Benchmark channel to understand the 
performance in tracking, vertex 
finding,  jet clustering and flavor 
tagging
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Review of the Analysis

• 2016-2017:  H->bb/cc/gg Analysis in qqH/𝛎𝛎H/eeH/𝝻𝝻H 
• Demonstrate the capability of flavor tagging and jet clustering  

in achieving the precision  
• Flavor tagging are implemented with template fit method 
• Will be included in white paper/CDR 

• From summer in 2017, llH channel redone with new method: 
• 2-D template fit replaced by a 3-D fit 
• Systematic uncertainty considered 
• Summarize in note, paper draft reviewed 

• Latest update: 
• Redo analysis with 3T samples 
• New techniques to improve the performance of analysis
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Event Selection in llH/𝜈𝜈H/qqH

ZH->ll+jj

ZH->𝜈𝜈+jj

ZH->multi-jets

Signal: Backgrounds:

ZZ semi-leptonic(µµjj) 
Single Z-leptonic(eejj)

ZZ  semi-leptonic
(one Z invisible decay)
Single Z semi-leptonic
WW/SW semi-leptonic

quark pair production
ZZ/WW hadronic

Preselection:
Lepton Pair Invariant mass

Lepton Recoil mass
Jets Invariant mass
Higgs Polar angle

Missing Energy,pT
Jets invariant/recoil mass
Jet Multiplicity(yth-value)

Angle between jets
MVA applied

Total Energy
Jet Multiplicity

Jet Paring(jet invariant 
mass and angular 

distribution)
MVA applied

Flavor Tagging

Template Fit

 4



Results of llH/𝜈𝜈H/qqH

• Consistent with pre-CDR result


• Demonstrate the capability to achieve expected performance

Template Fit:

Results in preCDR: 

Performance of multi-variable  
based flavor tagging :

Results from full simulation study: 
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llH Analysis with 3D Fit

• Dominant background in llH analysis estimated from ‘data’:


• 𝜇𝜇H channel: ZZ*/Z𝛾*-> 𝜇𝜇qq


• eeH channel: ee+qq


• Analysis independent of MC prediction of dominant backgrounds:


• These backgrounds have different lepton pair recoil mass 
spectrum


• Extract the backgrounds’ yield by including recoil mass 
spectrum in the fit
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3D Fit

• Recoil mass of signal: Crystal ball + double side exponential 


• Recoil mass of dominant background: 1 order Chebychev polynomial 


• Background and signal model describe the simulated data well
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Statistic Uncertainties

• ToyMC generate data fluctuate according to statistic uncertainty


• Roughly get the same statistic uncertainty as before
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Systematic Uncertainty

• Flavor tagging systematic uncertainty directly caused by the bias in templates


• Flavor tagging systematic uncertainty are estimated in the scenario calibration with 𝜇𝜇qq


• The precision of calibration are limited by 𝜇𝜇qq statistic uncertainty and the knowledge of 
its flavor components


• Typical bias are considered in each template
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Analysis with 3T sample

• No obvious change in the fitted results


• The recoil mass spectrum change as expected: 0.323/0.269 ≈ 3.5/3.0, mumu recoil mass get width
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Technic development :  
Convolutional NN in Jets 

• We use CNN to separate H->qq and H-> ZZ*/WW*->qqqq 

CNN has Better 
Discrimination Power 

65×65 pixels in  
detectable region

14×14 pixels 
64 images

5×5 pixels 
64 images

64 Single Pixels 
images

Take image of 
Energy Distribution

64 5×5 filters 
4×4 pooling

64 5×5 filters 
2×2 pooling 

Logistic Regression 
to 2 classes

• CNN provides new to  
extract character in event  
with jets 

• Should be useful need to  
know the multiplicity of  
jets: Higgs->qq, QCD  
measurements etc. 

• Would like to know other  
types of character can be  
extracted: try to use in qqH  
channel

64×128 Condense 
layer 

64 5×5 filters 
2×2 pooling 
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Summary

• Study of Higgs hadronic decay measurement in eeH/𝜇𝜇H/𝜈𝜈H/
qqH channel are done with full simulation sample, demonstrating 
the capability to achieve expected performance in CEPC 

• eeH/𝜇𝜇H redone with less MC-dependent way, systematic 
uncertainties studied in terms of methodology  

• Analysis with 3 Tesla magnetic has been studied. No signiLicant 
change in Linal results but need to Lind out the reason of 
disagreement with previous sample 

• New analysis technology are developed and it is helpful to the 
analysis in future.
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Back Up
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Uncertainty of qqH/𝜈𝜈H/eeH/𝜇𝜇H
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Combined Fit of qqH/𝜈𝜈H/eeH/
𝜇𝜇H
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3D Fit Result-𝜇𝜇H
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3D Fit Result-eeH
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Results with exponential 
background shape in eeH channel

• much smaller deviation in H->cc/gg channel, but much larger deviation 
in H->bb channel
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Event Selection of nnh
Event Pre-selection:
• Number of particles(PFO) >=20 
• Visible Energy between 110 and 150 Ge 
• Isolated electron and isolated muon veto 
• y12 between 0.15 and 1.0, y23<0.06, y34<0.008 
• cos θ between -0.98 and -0.4,  
• BDT Cut(redone at 0.07)
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Event Selection of qqh
Basic Selection Jet Paring

𝜒W defined similar to 𝜒ZH

signal Signal eff higgs bkg 4f-hadronic qq 4f-semileptonic

211.2k 42.8% 32.6k 1.08M 405.6k 0.58k

After X cut, BDT Analysis with input variables like 
Hmass, Zmass KMasses(masses of jet pairs after 
kinematic fit), y45, H/Z cos𝜃,  sphericity was 
applied. 

Classified according to gluon and gamma 
radiation, increase statistics
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