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Progress on CEPC Higgs
measurement & Performance

studies

Manqi

For the CEPC Simulation Studies
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Key figures of the CEPC-SPPC
● Tunnel ~ 100 km

● CEPC (90 – 250 GeV)

– Higgs factory: 1M Higgs boson

● Absolute measurements of Higgs boson width and couplings
● Searching for exotic Higgs decay modes (New Physics)

– Z & W factory: ~ 1 Tera Z boson

● Precision test of the SM
● Rare decay

– Flavor factory: b, c, tau and QCD studies

● SPPC (~ 100 TeV)

– Direct search for new physics 

– Complementary Higgs measurements to CEPC g(HHH), g(Htt) 

– ...

● Heavy ion, e-p collision... Complementary
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Observables: Higgs mass, CP, σ(ZH), event rates ( σ(ZH, vvH)*Br(H→X) ), Diff. distributions

Derive: Absolute Higgs width, branching ratios, couplings

Higgs @ CEPC
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Detector & Software

Baseline: PFA Oriented Design + Arbor
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Higgs Signals 

Reconstructed Higgs Signatures

Clear Higgs Signature in all SM decay modes

Massive production of the SM background (2 fermion and 4 fermions) at the full Simulation level

Right corner: di-tau mass distribution at qqH events using collinear approximation 
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Higgs white paper delivered

● g(HXX), g(HHH), Br(H→exo)
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Recent Highlights

● Performance

– Jet lepton

– Tau

– Jet Charge

● Physics

– Top runs

– H→bb, cc, gg

● Many Preliminary Conclusions: stay tuned...
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Jet lepton @ Z->bb

● Marginal Degrading (2021 JINST P06013)

– Efficiency reduced up to 3% (muon @ low energy); mis-id increased to ~ 1%
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At physics benchmark of Bc→τv→evv

● No significant degrading due to Lepton id
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Tau reconstruction: Taurus
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Jet charge measurement

● Via  leading charged particle type of each jet: effective tagging power (eff*(1-2Ω)2) =
14%/28% for inclusive Z→bb/Z→cc event

● Dependence on the heavy flavor hadron type & usage of other information: processing
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CP measurement with Bs→J/psi Phi... &
requires good Pid!

● With a decent Pid, the effective tagging power on jet
Charge can be 5-6 times better than LHCb, which can
compensate the statistic difference between LHCb &
CEPC. 

● Strong motivation to higher Luminosity at Z pole 

CEPC baseline

LHCb

Preliminary
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Baseline Detector Performance

● Acceptance: |cos(θ)| < 0.99

● Tracks: 

– Pt threshold, ~ 100 MeV

– δp/p ~ o(0.1%)

● Photons: 

– Energy threshold, ~ 100 MeV

– δE/E: 3 – 15%/sqrt(E)

● BMR: 3.7%

● B-tagging: eff*purity @ Z→qq: 70%

● C-tagging: eff*purity @ Z→qq: 40%

● Pi-Kaon separation: 3-sigma (requirement)

● Pi-0: eff*purity @ Z→qq  >  60% @ 5GeV

● Jet charge: eff*(1-2ω)2 ~ 15%/30% @ Z→bb/cc

● Lepton inside jets: eff*purity @ Z→qq
~ 90% (energy > 3 GeV): slight
degrading in jet

● Tau: eff*purity @ WW→tauvqq: 70%,
mis id from jet fragments ~ o(1%)

● Reconstruction of simple
combinations: Ks/Lambda/D with all
tracks @  Z→qq: 60/75 – 80/85%

● Missing Energy: Consistent with BMR. 
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Upgrade option: 360 GeV operation
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Upgrade option: 360 GeV operation
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Measurement of H→bb, cc, gg

● llH: published

● Preliminary analyses on vvH & qqH based on Full Sim

– Anticipated accuracies at CEPC baseline

– Optimization study 
● Flavor Tagging @ vvH & qqH
● Color Singlet identification @ qqH
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llH
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vvH
● Tag H→qq

● Separate the H→bb, cc, gg & background using Flavor Tagging, etc 
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Variables & Cut to tag vvH, H→qq
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Relative accuracy: 0.58 → 0.47

The remaining events are forced into 2-jets using ee-kt
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Flavor Tagging Migration Matrix 



12/8/2021 ILC IDT WG3 physics meeting 23



12/8/2021 ILC IDT WG3 physics meeting 24

Working point selection:

Maximize the trace of Migration Matrix (Diagonal terms)

Optimizing Working Point for each decay modes independently
leads to percentage level improvement for H→cc/gg

Identify Jet Flavor Using LCFIPlus



12/8/2021 ILC IDT WG3 physics meeting 25

~Truth

Migration Matrix

~ reconstructed one

Combined: 5.92%

Per Bin Accuracy
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Truth

Interpolation:

PerfectNo FT

Baseline
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Dependence between accuracies & FT
performance

Margin to improve up to ~50%...
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qqH

● Tag H→qq: 

● Distinguish the H→bb, cc, gg & background events using Flavor
Tagging information

– Using BDT information
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Tag qqH, H→qq

Relative Accuracy on qqH, H→qq: 0.9%
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Key performance: CSI

Diagnosis method developed in EPJC(2019) 79:274
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Distribution of alphas: Signal & Background

Observation: backgrounds tends to have large alphas – large jet confusion, induced by  the
Kinematics requirement in event selection
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If we know the CSI performance... 



12/8/2021 ILC IDT WG3 physics meeting 34



12/8/2021 ILC IDT WG3 physics meeting 35

Summary
● CEPC Higgs White paper published in 2019: quantifies the core physics potential

● Performance: quantify requirements & baseline performance

● 360 GeV Higgs operation (2 ab-1)

– Provides 30% more Higgs, improve the Higgs width measurement by ~ 2 times

– Significant impact on top related measurements, etc

● H→qq analyses

– Accuracies at Baseline: 0.26/4.3/1.6% for H→bb/cc/gg (To be optimized...)

– Key performance

● Color Singlet Identification: boost the accuracy on H→cc by 2 times or more!
● Flavor Tagging: up to 50%/2 times (H→cc @ vvH/qqH)

– Plan: 

● Develop better CSI, from quantify the CSI with reconstructable information.
● Promote better Flavor tagging
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Back up
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Electron Positron Higgs factories

ILC (a): TDR @ 2013 
FCC (b): CDR @ 2019
CEPC (c): CDR @ 2018
CLIC (d): CDR @ 2013
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Timeline
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Z→2 jet, 
H→2 tau

~5%

Z→2 muon, 
H→2 b
~2%

ZH→4 jets
~50% 

Z→2 muon
H→WW*→eevv

~1%
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Comparison

● Accuracy improves (from ILC to CEPC): ~4/2/5 times; tension in cc...

● Compared to vvH, qqH provides similar sensitivities at ILC, while 2 times worse at CEPC

Current White paper

ILC-120 CYR-120 CYR-125

Br(bb) 66% 65% 58%

Br(cc) 3.6% 3.2% 2.9%

Br(gg) 5.5% 8.4% 8.2%

CERN Yellow Report (CYR): https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CERNYellowReportPageBR
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Comparison on vvH: with ILC
ILC CEPC

Total Signal 19360 (Higgs inclusive) 178890 (H->bb, cc, gg)

Total Background 4.5E7 9E8

1st stage Cut Finding H->2j

Signal (H→bb, cc, gg) 6293 64656

Background 10940 29187

Eff*Purity in 1st stage 12% (32.5%, 37%) 25% (36%, 69%)

2nd stage Cut Separate Different Flavors

Signal (H→cc) 226 – 300 (??) 2283

Irreducible background 5443

Final Accuracy 11% 5.9%

Effective eff*purity in 2nd 
stage

28 - 36% 12.5% < 2283/(2283 +
5443) ~ 29.5%

● The 2nd stage event selection performance is much better at the ILC (approach the
perfect Flavor Tagging at CEPC with irreducible background from ZZ) – to be understood
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Comparison in vvH

● Eff & Purity Comparison for the vvH tagging

● CEPC: 16%/25% wo/wi BDT

● ILC: 11.8% (eff = 32.5%, purity = 37%)

● Initial S/N Ratio: 

– CEPC: 178890/9.1E8

– ILC: 19360/4.5E7 
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Comparison in vvH - 2
S B Hcc in Signal X-cc in Backgroundd Accuracy

ILC 6293 10940 6293 * 0.036 = 226 11%

CEPC(BDT) 64656 29187 2283 5443 5.92%

2nd stage selection/Cut (Flavor tagging): To select 226/2283 H->cc events from 17k/94k total

Identification Performance Efficiency*Purity ( Accuracy ~ 1/sqrt(N*eff*purity) )

ILC: 36%;

CEPC: 12.5%; Hard limit eff*purity ~ 1 * 2283/(2283+5443) =  29%;
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