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X sections & Luminosities



29/6/2021 ECFA Flavor 3

Yields of the CEPC
● Tunnel ~ 100 km， baseline SR Power/beam 30 MW, upgradable to 50 MW

● CEPC (90 – 240 GeV)

– Higgs factory: 4M Higgs boson (10 years, 2 IP, 50 MW)

● Absolute measurements of Higgs boson width and couplings

● Searching for exotic Higgs decay modes (New Physics)

– Z & W factory: ~ 4 Tera Z boson (2 years, 2 IP, 50 MW), 100 M W boson (1 year)

● Precision test of the SM, measure W boson mass to 1 MeV level via threshold scan

● Rare decay + QCD studies

● Flavor factory: b, c, tau

● QCD studies

● Upgradable to ttbar threshold (360 GeV): 500 k ttbar event (5 years, 2 IP, 50 MW)

● SPPC (~ 100 TeV)

– Direct search for new physics 

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

– ...

● Heavy ion, e-p collision...
See also: 2205.08553
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Comparative advantages of Flavor
physics @ Tera-Z

● Compared to Belle II: 

– Higher yields; 

– Access to heavy hadrons like
Bc, Lambda_b, exotics, etc

– Larger boost

● Compared to LHCb: 

– Much lower yields

– 4 pi detector with better
measurements to neutral final
states (photon, neutrinos)

– Better time dependent
measurements: better VTX &
better Jet Charge Tagging Flavor: Not only at Z pole, but also at Higher Energy...
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● Detector Solenoid B-Field ~ 2 T, to be in cope with the High Luminosity Z pole operation

● 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 

– < 4% for Higgs measurements

– Much demanding for Flavor Physics/New Physics Hunting

● Pid: Pion & Kaon separation > 3 σ (eff*purity of Kaon at Key processes > 60%...)

● Jet: Flavor Tagging & Charge Reconstruction, Color Singlet identification...

● Intrinsic accuracies: momentum, energy, VTX positions... 

Performance requirements
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Detector concepts & Software

Multiple detector concepts, supported with intensive critical tech. R&D, and prototype test

Full simulation reconstruction Chain with Arbor, iterating/validation with hardware studies
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Kaon identification: dE/dx or dN/dx + ToF

 CEPC-DocDB-id: 172
https://arxiv.org/abs/1803.05134
Eur. Phys. J. C (2018) 78:464 
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π0 reconstruction

● photon threshold ~ o(100) MeV

● Can separate photons from Pi-0 decay, up to 30 GeV

Z poleHiggs pole
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Lepton: isolated & 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. 
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Taus: isolated or inside jets
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eff ~ 25%, purity ~ 30%

eff ~ 65%, purity ~ 70%

eff ~ 80%, purity ~ 85% eff ~ 80%, purity ~ 85%

Taus: isolated or inside jets
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Hadronic system: BMR = 3.75%

@ Hadronically decayed Higgs boson: not sensitive to different modes it decays into 
BMR 3.6 – 3.8% for H->bb, cc, gg, WW*/ZZ*->4 jets
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Jet Flavor Tagging
● Flavor Tagging (LCFIPlus),

Typical Performance at Z
pole sample: 

– B-tagging: 
eff/purity = 80%/90%

– C-tagging: 
eff/purity = 60%/60%

● Can be significantly improved
via

– Geometry optimization

● Smaller inner radius

– Better algorithm

https://agenda.linearcollider.org/event/7645/contributions/40124/
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Jet Charge reconstruction

Effective tagging power: 

A straight forward, leading particle based algorithm leads to effective 
tagging power of 10%/20% for b/c-jet
(... we understand how the jet charge information eventually incarnated 
into Leading final state particles... )

Can be significantly enhanced using Pt weighted, VTX charge, Kaon 
information, etc
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Physics benchmarks
● CP measurement via Bs→Jpsi + Φ: detector acceptance, VTX, tracker momentum, Jet charge

– Accuracy comparable to LHCb – strong motivation to go beyond Tera Z. 

● Addressing Flavor Anomaly

– Bs→Φvv: Pid, momentum and missing energy resolution

● Percentage level accuracy anticipated

– Bc→Tauv: Tau inside jet, missing energy

● 1 order of magnitude better than current accuracy. 

● CKM measurements

– B0/Bs→2 pi0/eta; EM resolution, Pi0 reconstruction

● 1 order of magnitude better than Belle II, or discovered for the first time, dependence
on detector performance quantified. 

● Key input for alpha measurement -> need also Jet charge measurement 

● Multiple studies on LFV, LFU, Tau related. Exotic... 

● ...
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CP measurement with Bs→J/psi Phi

● 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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Bc→Tauv

Taifan, etc, Published by CPC.
Collaborate with Wei Wang, et.al. 
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Bs→Phi vv

2201.07374
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B0/Bs→2 π0/η

● Combining other relevant measurements at CEPC, the alpha
angle can be determined to ~ 0.5 degree (Preliminary)
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Summary

● CEPC/Tera-Z: significant potential & comparative advantages on Flavor
Physics 

● Extremely rich physics program & extremely demanding detector
requirements.

– Separation power! Finding objects inside jets 

– Intrinsic sub detector resolutions... 

– Jets: BMR, Flavor, Charge... 

● Precisions estimated at multiple physics benchmarks, many boost the
current/estimated precisions by 1 order of magnitude  

● A lot more to explore
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Back up
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Summary

● With intensive & continuous studies, flavor physics is much better
understood now... well aligned with IAC recommendations. 

● Good understanding on detector requirement & performance via Full
simulation studies. 

● Precisions estimated for ~ o(10) physics benchmarks, many boost the
current/estimated precisions by 1 order of magnitude.  

● First to explore the flavor physics measurement via Hadronic final
states (B0/Bs->2 pi0, Bs->J/psi+Phi) at future Higgs/Z factories

● Talent Young people emerges during those activities

● A lot more to explore. 

● However, the funding support is not ideal & need to be addressed
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Baseline Detector-Reconstruction Performance
● Acceptance: |cos(θ)| < 099

● Tracks: 

– Pt threshold, ~ 100 MeV

– δp/p ~ o(0.1%)

● Photons: 

– Energy threshold, ~ 100 MeV

– δE/E: 3 – 15%/sqrt(E)

● Pi-Kaon separation requirement: 3-sigma

● Pi-0: rec. eff*purity @ Z→qq  >  60 or 80%
@ 5GeV, corresponding to EM resolution
of 15%/sqrt(E) or 3%/sqrt(E)

● B-tagging: eff*purity @ Z→qq: 70%

● C-tagging: eff*purity @ Z→qq: 40%

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

● Leptons: 

– Isolated: eff*purity @ ZH ~ 99% (E
> 5 GeV)

– Inside jet: eff*purity @ Z→qq ~
90% (energy > 3 GeV)

● 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%

● BMR: 3.7%

● Missing Energy: Consistent with BMR. 
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White paper

Many Thanks to Lingfeng & HKUSTFacts & interpretation... 
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Collider requirements
● Higher Yields

– Goes beyond Tera-Z

– Lower Solenoid B-Field (2-T) of the detector

● Excellent stability & well understood collision environment

– Luminosity monitoring ~ 1E-4

– Beam energy spread ~ 1E-3

– Beam energy calibration ~ sub MeV (towards EW measurements)

– Beam polarization (??)

● Low Background

– Beam induced background especially di-photon background

– Off-time pile ups
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Lepton: isolated

BDT method using 4 classes of 24 input discrimination variables.

Test performance at: Electron = E_likeness > 0.5 ;
Muon = Mu_likeness > 0.5 
 Single charged reconstructed particle, for E > 2 GeV:
lepton efficiency > 99.5% && Pion mis id rate ~ 1%

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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Conclusion-2020
● The IAC recommendation is highly consistent with current CEPC simulation

efforts: requirements, performance, analysis, and flavor physics

● Plan to address the IAC recommendation by the CEPC flavor physics white
paper and corresponding documents. Performance – accuracy plots analogy to
the BMR – Higgs accuracy plots shall be included. 

● CEPC flavor simulation/analyses need to combine different methods: 

– Performance via Full Simulation and Analysis relies on Fast Simulation. 

– Proper modeling of the identification & reducible background contamination

●  Significant progress on the flavor physics simulation

– Good progress/coverage in Performance & object reconstruction 

– Multiple benchmark channels proposed, and half are covered by existing
analysis 
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Signal strength measurement of qqH,
H→ττ @ 240 GeV

Invariant mass of di-tau: collinear approximation that assumes the neutrinos aligns with the
direction of visible tau decay product 
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From IAC report 2019

● Key words: Requirement, and Flavor
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Physics objects
2021 JINST 16 P06013: Jet
lepton

Eur. Phys. J. Plus (2020)
135:274

Pi-0: CEPC Note 2021
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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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