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Introduction: Benchmark Physics 

Process Measurement Overview

• Crucial � to � understand � EW � mechanism � 

• Reason � of � fermions � mass � 

• Is � there � only � one � higgs � boson?

• CEPC � is � ideal � for � such � measurement � 

• Clean � background � 

• Utility � of � recoil � mass, � free � of � higgs � decay � channel � 

• High � luminosity � 

Excellent flavor tagging 
capability required

One of the benchmark measurement in CEPC

Physics Motivation
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• ZH->ll+jj (Zhenxing Chen)

• ZH production with Z decay to muon pair, 
H decay to bb/cc quark or gluon pair 

• Very clean signal in muon pair invariant 
mass and recoil mass 

• ZH->vv+jj(Yulei Zhang, Dikai Li, Hao Liang)

• Via ZH(~86%) or WW fusion(~14%) 

• Clean background 

• ZH->Multi-jet (Boyang Li, Yu Bai)

• Both Z and Higgs decay hadronically 

• Much larger cross section than semi-
leptonic channel

Introduction: Signal Process
ZH->ll+jj

ZH->vv+jj

ZH->multi-jets

√s = 250 GeV

Integral luminosity of 5000 fb-1 is assumed in these study, corresponding to that of a few years 
of CEPC running
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Analysis Outline
Event Preselection

vvH Channel llH Channel qqH Channel

Dominant 
Background

ZZ semi-lep, 
Other Higgs 
Processes 

WW/ZZ hadronic, 
quark-pair 
production

WW/ZZ->semi-lep, 
quark pair 
production, 

Other Higgs Process

Discriminator
Lepton pair invariant 

Mass, Lepton pair 
recoil Mass, Jets 
invariant Mass

Missing Energy, Jets 
pair invariant/recoil 

masses, jet 
multiplicity(yth-

value).

Jet multiplicity, jet 
paring(invariant 

mass and angular 
distribution)

Flavor Tagging LCFIPlus: MVA flavor weight, 
Template fit or other methods

The outcome currently interpreted in terms of σ×br with statistic uncertainty4



ZH->ll+jj Channel

Final states, 2 muons/electrons + 2 jets. 
Using invariant mass of muon pair, jet pair, and the recoil mass  
of muon pair 
Recoil mass study see: http://indico.ihep.ac.cn/event/5592/contribution/7/material/slides/0.pdf

Lepton pair invariant mass between 
70 - 105 GeV

Lepton pair recoil mass between 
120 - 150 GeV(120 - 160 GeV for ee channel)

jet pair recoil mass between 
105 - 135 GeV

signal higgs bkg non-higgs bkg
ee channel 9.42k 1.87k 11.1k
𝜇𝜇 channel 16.5k 3.34k 7.81k

Results of Event Selection
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𝜈𝜈+jj Channel, Datasets and 
Event Pre-selection

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

Event yields after Cut flow 

Very high signal/background ratio

Datasets:

Generator: Whizard, Simulation arbor
Major SM background are with qqln, qqnn and qq events

Signal and xxh background ~ 5000/fb

qq,qqnn,qqln ~ 500/fb

Signal yields: 76.6k, background: 6.9k 

Much better than ILC Results:
Signal Background
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Multi-jets Channel
Majority decay FS in HZ production

Large Statistics
Datasets:
• Main background:  Irreducible 

background from WW/ZZ and quark 
pair process

• Full simulation sample used
• Quark pair sample are filtered due to its 

huge cross section and low rate to 
passing the event selection

With 4 jets in final states, which two jets should be used to do template fit
(from higgs) is not straightforward.
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Event Selection and Cut flow

After event selection, the dominant background are WW/ZZ hadronic decay

Better than ILC Results:

See Boyang’s talk with detail
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Template Fit and ToyMC Results

e+e-H μ+μ-H vvH 
（2500 fb-1）

qqH combined

rbb 1.000±0.013 1.000±0.009 0.997±0.006 1.000±0.003 1.000±0.002

rcc 1.002±0.118 0.993±0.095 1.008±0.038 1.000±0.120 1.00±0.02

rgg 0.998±0.106 0.991±0.070 1.020±0.019 1.001±0.189 1.00±0.01

ILC Results

CEPC Results

Comparable results in llH channel 
Much better result in vvH channel 
Much worse results(for rc and rg) in 
qqH channel

Large uncertainty due to SM bkg
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Presented at ICHEP 2016

Thanks for your hard 
working! 

10



EightEquation Method

Mathematically similar to P.L.B 401(1997) 163-175 (High precision Rb measurement in ALEPH)

nb1…. observed number in each category

Nb Nc Ng …  numbers to work out

Ɛ … Tagging efficiencies

𝜌… Correlation between the 1st and 2nd jets 
tagging efficiency, typically of the order 
0.1%-1%, but can be very large 
(~100%-1000%) for light jets

b/c tagging efficiencies from data-driven. 
No need to measure b/c tagging efficiency previously. 

In jet pair production:

Systematic uncertainty of the method can be characterized by the parameter presumably set.
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Systematic Uncertainty

• Reasonable statistic uncertainty

• Uncertainty can be reduced by optimization(for Nc less than 10% without bkg and 11% with bkg)
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0.59% 11.1% 4.0%

Central value deviate from 0 due to some correlation term are ignored. 

Nc and Ng are statistically strong correlated
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Systematic Uncertainty
Impact of Correlation 
to the Results:

For simplify one can only take the correlation terms with
  largest impact into account. 
But should use large MC sample to determine that. 
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Calculated BCB

MC statistic limit is also 
a source of systematic  
uncertainty.  
Can be reduced by enlarge 
MC statistics

Uncertainty Nb Nc Ng
Statisitic 0.59% 11.1% 4.0%

System
atic 

uncerta
inty

BL 0.14% 0.18% 0.84
CL 0.002% 2.2% 0.7%

BCB 0.01 8.3% 2.8%
other 0.14% 0.04% 0.89%

All 0.62% 14.0% 5.1%

 Assuming 30% sys.uncertainty on BL,CL  
and 10% that of BCB

Systematic uncertainty from other correlation 
terms estimated from bias 13



Gluon/Quark Jet Seperation

• Gluon jets fraction is crucial to H->bb/cc/
gg analysis

• Complex phenomenon of gluon jets have 
impact on other final state measurement

• Good performance on b/c-tagging but not 
consider gluon-quark jet separation yet
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Jet Broadening

Discrimination power shown.
Need to implement to LCFIPlus
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Summary
• Very nice work have been done on the CEPC benchmark measurement on H->bb/cc/gg 

analysis, as milestone. Something to do in each channel  

• ZH->ll+jj, analysis with all SM background and apply more cuts to enhance  
signal/background ratio and reduce statistic uncertainty 

• In vv+jj channel, full simulation SM background should be used 

• In qqH->4jets channel, need to understand why ILC results are so different 

• Methods other than template fit are studied 

• Inspiration from high precision Rb measurement 

• Statistic uncertainty are estimated; systematic uncertainty estimated in reasonable way 

• Impacts of gluon splitting on flavor tagging need to be study 

• Flavor tagging will include gluon/quark jet separation to fix to the measurement
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Backup
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Template Fit in ll+jj Channel

Full Simulated Higgs and ZZ events

Templates and data Fit target
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Template Fit in ll+jj Channel: Toy 

MC Check

Fit works stable

𝜇𝜇 channel

ee channel
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MVA in vv+jj channel
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Template fit in vv+jj channel
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ToyMC Results in vv+jj channel

Template ~ 2000/fb 

Statistics

Data ~ 500/fb
Non-Higgs background not included
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