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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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CEPC Physics study

White papers +

~300 Journal/AxXiv citables
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Flavor Physics
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Flavor Physics @ Z pole
● Extremely rich physics & strong

competition from Belle-II & LHCb

● Comparative advantages of a
Tera-Z

– V.S. BelleII, Access to
particles heavier than Bs,
large boost

– V.S. LHCb, much lower yields
(2 orders of magnitudes)
Better Acceptance, better
reconstruction of neutral final
state (photon, missing energy,
and even Klong, neutron) and 
Jet Charge – Jet Origin
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~ 40 benchmarks
● Access to non-seen

● Orders of
magnitudes
improvements

● Multiple sqrt(s)

● Non-inclusive +
long wishlist -> to
be addressed in
phase II flavor WP
study
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Detector & Reconstruction

Part of the benchmark evaluated with detector performance in pace ref-TDR R&D
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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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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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Accesses to the Non-Seen
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Orders of magnitude improvements
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Bs→Jpsi/Phi : Xcheck with LHCb

Significantly enhanced using Jet origin id tech. 
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Lepton Flavor Universality
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Lepton Flavor Violation
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Spectroscope: T(bbud) 
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Performance requirements
● To reconstruct all kinds of Physics Object

– Identification & Measurements

– Objects: 

● Lepton, Photons, Kaon, 

● pi-0, Tau, Lambda, Kshort,

● Heavy flavor hadrons,

● Jets 
● Missing energy/momentum

● Exotics...

● Massive Four in Standard Model: 

– Z & W: ~ 70% goes to a pair of jets

– Higgs: ~90% final state with jets (ZH events)

– Top: t → W + b

● Requirements: 

– 1-1 correspondence

Excellent pattern. Reco. & Object id - PID
– Larger acceptance, Excellent intrinsic

resolutions, Extremely stable...

● Be addressed by detector design, technology,

and reconstruction algorithm
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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



25/10/2024 CEPC WS@Hangzhou 23

Performance with different PID scenarios &
H→ss measurements

vvH @ 240 GeV

Flavor tagging: type that maximize {L_q + L_q_bar, L_g}

If quark jet: jet charge ~ compare {L_q, L_q_bar}

Remark: current jet flavor tagging efficiency & 
jet charge flip rates are projections of the 
11-dim arrays produced by Jet origin id
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Benchmark analyses: Higgs rare/FCNC

Improved by ~3 times

Improved by 1-2 orders of magnitudes

Presumably... firstly quantified
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...In principle...

But surly the Calibration etc need breakthrough method... 
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● From Jet Flavor Tagging to Jet Origin ID: 

– vvH, H→cc: 3% → 1.7% (Preliminary)

– Vcb: 0.75% → 0.45% (muvqq channel. evqq: 0.6%, combined 0.4%)

Recent update at more benchmarks 

https://www.arxiv.org/pdf/2406.01675
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B-charge flip rate: Bs oscillations

● See Mingrui's talk for more details

Plots from Roy
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BMR of 2.75% reached
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Visible particle: mapping composition

~95% of the visible energy are mapped to reco-particle with 1-1 correspondency.
 
~90% are well reconstructed: has the right composition of clusters & tracks. 
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Identification of 'well reconstructed'
particles
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Impact on benchmark physics...
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Summary
● Electron Positron Higgs factories: a gigantic boost from LHC

● CEPC physics studies: composed of physics reach/pheno and detector requirement
optimization, aims at White papers to be released according to the project paces

– Community activated, results in multiple new ideas/results

– Good international communication/collaboration

– Lots of raw material available, visionary summarization/interpretation is needed

● Flavor Physics at CEPC: strong comparative advantages, a windows to access NP of
10 TeV or even higher

– Accesses to Un-seen, plus orders of magnitudes improvements

● Extremely rich physics program results in stringent requirements on the detector
performance, to be addressed by intensive study on detector design, key tech R&D, and
algorithms development

– Significant efforts towards the Reference detector design TDR)

● New tools, especially AI, could significantly alter the physics study/detector design.
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Summary

● White paper draft available at: 
– https://indico.ihep.ac.cn/event/20312/attachments/71044/10

5872/CEPC_Flavor_White_Paper_24th_Oct_2024_.pdf
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Back up
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Lepton: inside jet

Compared the single particle sample,  the jet lepton (at Z->bb sample at sqrt = 91.2 GeV)
Performance will be slightly degraded – Due to the limited clustering performance (splitting
& contaimination). 

At the same working point, the efficiency can be reduced by up to 3%; while mis-id rate 
increases up to 1%. Marginal Impact on Flavor Physics measurements as Bc->tauv. 

However, to identify Genius Lepton and those coming from photon conversion & hadron decay, 
Is still a demanding task...  
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Tracker: Pid

● Pid via dEdx or dNdx: < 3%  

● Current TPC studies using laser reaches 3.4%

● 50 ps Timing on Calo. Clusters 
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B
S
/B0→2 pi0/eta

● Provide sub percentage level accuracies on B0->2 pi0, 40/5 times than current world average & Belle
II anticipation, have a strong impact on the CKM angle (alpha measurements), discover the other
three modes for the 1st time. 

● Strongly Depends on the b-tagging performance (ILD is good enough) and the ECAL intrinsic
resolution (provide 30 MeV mass resolution for B-meson... 5 times better than ILD ECAL)

Preliminary...
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