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Physics Benchmark & Detector
requirements

Manqi
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Yields ~ Xsec * Lumi * Time

● 4 Million Higgs (10 years)

● ~ 1 Giga W (1 year) + 4 Tera Z (2 years)

● Upgradable: Top factory (500 k ttbar) 
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Physics study: 2023

White papers +

~300 Journal/AxXiv citables
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Physics reach via Higgs at CEPC
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EW measurements & SMEFT
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Flavor Physics White paper
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Physics Benchmarks



4/17/2024  8

Performance requirements
● A clear separation of the final state particles: Identification of Physics Objects, and Improving the E/P

resolution for composited objects, especially jets

– Leptons, especially these inside jets

– Composited objects: 

● Two/three body objects: Pi-0, K-short, Lambda, Phi, Tau, D meson...

● More bodies: Tau & Jets

– PFA: pursuing 1-1 correspondence.

● BMR  (Boson Mass Resolution): mass resolution of Hadronic decayed Higgs/Z/W 

BMR < 4% for Higgs measurements

● Much demanding for Flavor Physics/New Physics Hunting

● Pid: 

– Pion & Kaon separation > 3 σ 

– Identify species of all charged final state particles: isolated and in jet...

● Jet origin id: Flavor Tagging & Charge Reconstruction, s-jet id, gluon jet id, etc

● Intrinsic accuracies: momentum, energy, VTX positions... 
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PFA
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Boson Mass Resolution: Key Per. Para
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BMR: impact on critical measurements
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Jet origin id
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Jet origin id

● Jet origin identification: 11 categories (5 quarks + 5 anti quarks + gluon)

– Jet Flavor Tagging + Jet Charge measurements + s-tagging + gluon tagging...  

● Full Simulated vvH, Higgs to two jets sample at CEPC baseline configuration: CEPC-v4 detector,
reconstructed with Arbor + ParticleNet (Deep Learning Tech.)

● 1 Million samples each, 60/20/20% for training, validation & test
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Impact on Physics
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Particle identification

1. Kaon id

2. all species... + inside jets
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Momentum spectrum of Kaon... 

Charged Kaons from B/D hadrons → Flavor Physics

Charged Kaon from QCD → QCD

Both Contributed significantly to Jet Origin ID
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Sep power < 3 sigma
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Sep. power
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Requirement on dE/dx & dN/dx

3% dE/dx resolution in the barrel for E > 2 GeV tracks 
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Lepton: isolated & Inside jet
Isolated: for E > 2 GeV:  
lepton efficiency > 99.5% &&
Pion mis id rate ~ 1%

Inside Jet: percentage level
degrading

https://link.springer.com/article/10.1140/epjc/s10052-017-5146-5
CEPC-DocDB-id:148, Eur. Phys. J. C (2017) 77: 591

https://link.springer.com/article/10.1140/epjc/s10052-017-5146-5
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Summary
● Physics Benchmarks selected, while new proposals are welcome

– Based on existing study

– Emphasize on Higgs (inc. Dark matter), and covers all observation channels. 

● Corner stone performances

– BMR: < 4% as a must... and shall pursue 3%

– JoI: ~ baseline performance: b/c/s jet eff of 90/80/70% & charge flip rate of 10 - 20% 

– Pid: to identify all species of final state particles, inside jets, especially for charged Kaons. 

● Sub-d performance: 

– Tracker dP/P ~ o(0.1%), 

– EM energy resolution ~ 3%/sqrt(E) \conv 0.3% ,

– Had energy resolution ~ 50%/sqrt(E) \conv 2% .
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Back up
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SiWECAL + GSHCAL (ideal parameter)
0: BMR ~3.32%, original
1: BMR ~2.98%, remove charged fragments
2: BMR ~2.73%, remove charged fragments + “Null MCP” event cut

PS: Two cases of “Null MCP” (fail to link to MCTruth Particle)
• PFO reconstructed by Energy Flow
• PFO caused by LumiCal Hits

Charged fragment veto at Truth level

0 1 2

20/12/2023 Scint-Glass@ZZ 24
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