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Pid requirement at CEPC 

Manqi Ruan
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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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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

– Larger acceptance, Excellent intrinsic

resolutions, Extremely stable...

● Be addressed by detector design, technology,

and reconstruction algorithm
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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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Bs→Phi vv

2201.07374
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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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Jet origin id
Hao Liang, Yongfeng Zhu, Yuzhi Che, Yuexin Wang, Huiling Qu, Cen Zhou, etc

https://arxiv.org/abs/2310.03440           

https://arxiv.org/abs/2309.13231     

https://arxiv.org/abs/2310.03440
https://arxiv.org/abs/2309.13231
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Geo. & Tools

● 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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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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Particle id with dE/dx + ToF
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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: inside jet

● Compared to isolated lepton, the jet lepton
id performance is slightly degraded
(percentage level)

● Giving the large hadron/lepton ratio in jet,
It would be beneficial to further improve
the jet lepton identification performance,
while identifying hadron decay (kink
finding) + converted photon are critical
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Summary

● Decent Pid is required

– For Flavor Physics, especially those with B/D measurements...

– For identification of Jet Origin, which will influence all physics
measurement with hadronic final state

– 3 sigma separation – 95% eff/purity in identifying the charged Kaons

● Need Pid could be achieved using dE/dx (dN/dx) + ToF measurement

– ~ 50 ps time resolution

– 3% dE/dx in the barrel region...

– Address the forward region which is current bottleneck

● Alternative choices are welcome – while we need to understand the impact
on other performance especially PFA recon. 

– i.e., Silicon sensor with Pid??
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Back up
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B-charge flip rate: Bs oscillations
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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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Bc→Tauv

Taifan, etc, Published by CPC.
Collaborate with Wei Wang, et.al. 
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