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CEPC White papers &
Flavor Physics studies

Manqi Ruan 
for CEPC Physics teams
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Objectives
● To understand the physics landscape & science merits

– Identify benchmarks & quantify reaches

– Quantify the discovery power, especially NP Smoking guns

– Added values compared to existing facilities

● To maximize the physics output

– To iterate with detector/facility Design & optimization

– To synergies with X-frontier facilities

● To stimulate new ideas/methods

● To actively participate international collaboration & participations

● To be in pace with the project application 

● To communicate efficiently with general public & decision maker
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Physics study: 2023

White papers +

~300 Journal/AxXiv citables
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White papers
● Higgs: published in 2019, updated in 2021 Snowmass WP

● Flavor:

– Main editors: Lingfeng Li (Brown U), TaoLiu (HKUST), Fengkun Guo (ITP), Lorenzo Calibbi
(Tianjing U), Qiangxin Li (CCNU), Qin Qin (Huazhong S&T), etc)

– Phase-I: submit to ArXiv in a few weeks

– Phase-II: to enhance the measurement with tautau events and CKM measurements

● EW: draft for internal review expected at beginning of 2024 – released at middle 2024

– Main editors: Jiayin Gu (Fudan U), Zhijun Liang (IHEP) 

● NP: same as EW White paper

– Main editors: Jia Liu (PKU), Liantao Wang(Chicago U), Zhen Liu (Minnesota U), Xuai Zhuang
(IHEP), Yu Gao (IHEP), etc

● QCD: 

– Main editors: Huaxing Zhu (PKU), Meng Xiao (ZJU), Jun Gao (SJTU), Zhao Li (IHEP), etc

– Very rich physics: strong coupling constant measurement + Form Factor + Hadron
Fragmentation + QCD Phase transition + accurate calculation + interplay to other measurements
especially Flavor & Higgs... 
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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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Detector & Software
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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
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Snowmass White Paper

● Summarize ~ 20 citables for CEPC Snowmass studies
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Physics reach via Higgs at CEPC
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EW measurements & SMEFT
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New Physics White paper
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Phase Transition in early Universe

Origin of matter - 

Synergy with GW detection...
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Low mass Higgs bosons...

...Preliminary...
● Assume signal Xsec ~

20 fb

● CEPC Higgs operation:
~ 6 fb-1/day ~ 2 ab-1/year

● Turn-key discovery
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Flavor Physics White paper

~ 20+ benchmarks + ... Access to NP at 10 TeV or higher
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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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Accesses to the Non-Seen
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Orders of magnitude improvements
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Bc → τv
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Vcb from W decay

Vcb could be measured to a relative uncertainty of
0.4% at CEPC Nominal Set up... 
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Extreme detector requirements
● Suited to the collision environment, especially beam background/MDI

● Trigger-less equivalent: Trigger system works as Trigger-less

● Extremely stable 

● Large acceptance: polar angle, energy, time

● PFA compatible (in SpaceTime): final state particle separation – pursue 1-1 correspondence

– Physics Objects Identification: Isolated, inside jets & jets

● Single particle objects: Leptons, photons, Charged hadron

● Composited objects: Pi-0, K-short, Lambda, Phi, Tau, D/B hadron, ..., Jets

– Improving the E/M resolution for composited objects, especially jets

● BMR  (Boson Mass Resolution)

– < 4% for Higgs measurements, ~3% for NP tagging & Flavor Physics Measurements

● Pid: Pion & Kaon separation > 3σ

● Jet origin identification: Flavor Tagging, Charge Reconstruction, s-tagging...

● Excellent intrinsic resolution E/M/position: per mille level for track, percentage level for EM...

To be addressed by innovative detector design + key tech R&D
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Recent HL: Jet Origin Identification

● 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.)

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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Jet origin id: 11 categories
● vvH sample, with Higgs decays into

different species of colored particle:
5 quark, 5 antiquark & gluon

– 1 Million of each type

– 60/20/20% for training,
validating, and testing, result
corresponding to testing sample

●  Pid: ideal Pid – three scenarios

– Lepton identification

– + Charged hadron identification

– + Neutral Kaons identification

● Patterns:

– ~ Diagonal at quark sector...

– P(g→q) < P(q→g)...

– Light jet id...

Eff = (0.74 + 0.17 + 0.74 + 0.17)/2 = 0.91

Charge flip rate = 0.17/0.91 = 0.19
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Performance with different PID scenarios
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Benchmark analyses using Jet origin ID

Improved by ~3 times

Improved by 1-2 orders of magnitudes

Presumably... firstly quantified

For H->bb, cc, gg: results in 20 – 40% improvement in relative accuracies (preliminary)... 



24/11/2023 CEPC Physics@CCNU Flavor WS 31

Applied to Z FCNC (Preliminary)

● @ Tera Z using template fit

● Calibration & Systematic control is critical
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Seeking for signature & supports

https://indico.ihep.ac.cn/event/20312/registrations/1629/
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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 RDR (reference detector design TDR)

● New tools, especially AI, could significantly alter the physics study/detector design.
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Back up
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BMR < 4% for Higgs physics
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Bs→Φvv

● Key ingredient to understand FCNC anomaly...

● Critical Physics Objects: Phi (and charged Kaon),
2nd VTX, Missing E/P, b-jet at opposite side

● Percentage level accuracy anticipated at Tera-Z

https://arxiv.org/pdf/2201.07374.pdf
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Requirements: Pid & MET

3σ Pion-Kaon separation + Good missing Energy/Momentum (~ BMR) resolution
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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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Detector concept studies 
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Detector study: CHLOE design

Silicon Tracker

Vin (Vertex inside beam pipe): 20% imp. on Vcb 
measurements w.r.t. Baseline

Positioning - timing Layer with 1*1 
cm granularity (Si or Alternative)
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PFA Fast simulation

Fast simulation reproduces the full simulation results, factorize/quantifies different 
impacts 

YX. Wang

To be updated!



24/11/2023 CEPC Physics@CCNU Flavor WS 43

BMR wi GSHCAL

● Baseline + replace DHCAL to GSHCAL + Simple para. optimization

● ~ o(10)% improvement w.r.t. DHCAL

P. Hu & YX. Wang
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Physics reach via EFT
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Challenges
● Physics: To be addressed by Physics studies & Summarized into White papers

– Identify the Smoking gun for discovery - 

– Physics landscape & Synergies @ X-frontier (i.e., GW + Collider)

– Interpretations

– High precision calculation

● Accelerator: Engineering Design Report & Feasibility studied

– Prototype & commissioning at integrated level (large scale test facility, test with beam load)

– Integration & alignments

– Civil Engineering 

● Detector: Innovative detector design + A3 (AI Assistant Algorithms) + Key tech R&D

– PFA oriented

– Extremely stable 

– Trigger-less equivalent at Tera Z

– Sub-detectors – state of art + pursue excellent intrinsic resolutions

● International collaboration!
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