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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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CEPC Physics Study

Individual Theory/Pheno/Simulation Studies

Be general & interact with Detector

Topical Review

White 
Paper
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Physics study: 2023

White papers +

~300 Journal/AxXiv citables
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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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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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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



31/10/2023 13

Flavor Physics White paper

~ 20+ benchmarks + ... Access to NP at 10 TeV or higher
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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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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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Detector Requirements & Performance
● 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...
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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!
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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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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


31/10/2023 CEPC IAC@IHEP 29

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)... 
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Collaborations & Communications
● Multiple workshops

– HKIAS working month (Jan. every year)

– Phy/Det Workshops (Duality to Nov. Annual Meeting)

● i.e., Fudan Phy/Det WS Aug. 2024, with ~ 120 talks in 1 weeks

– Topical Workshops (i.e., with FOPT & GW detection)

● Actively participate international workshop/conferences

– LCWS, eeFACTs, FCC workshops, ECFA Workshops, etc

– Hosting relevant conference, i.e., Higgs2023

● In Snowmass/ESPPU Studies

– Actively provide input (~ 30 citables at Snowmass studies + Snowmass WP)

– ESPPU input

– Joins the discussions
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Physics WS @ Fudan

https://indico.ihep.ac.cn/event/19839 Many new faces & new ideas!
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IAC recommendation & response
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IAC recommendation & response

...recruitment, collaboration (esp. International collaboration), training...
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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

● Incentives/supports to young people, especially young PIs at China
● Editing help from senior & visionary experts 

● 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)

– Manpower/resource is an issue. Especially the service & communication 

● New tools, especially AI, could significantly alter the physics study/detector design.
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Back up
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Physics reach via EFT



31/10/2023 CEPC IAC@IHEP 39

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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Benchmark analyses using Jet origin ID

Applied to quasi-data of vvH; 
H → ss: be limited to 3*SM using vvH + llH at 20 iab
H → sb: up limit of 2E-4 at 95% C.L. 
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Circular Electron Positron Collider: Status
● 11 years of endeavor: Technologically ready to construct  (TDR)

● CEPC, via multiple observation window especially the Higgs

– Explore two new interactions beyond Gauge + Gravity

– Could identify new ingredient of matter, discover New Physics,
and reveal the known unknowns of SM

● Boost technologies: High Field Super Conducting, RF, Medical
technologies, AI, ... 

● A platform for profound International Collaboration

● The immense science merit & profound influence on mankind, we hope Higgs
factories could be approved for construction soon
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Challenges
● Manpower and resources is worrisome. 

● From the physics requirement to its resolution as in a detector TDR, requires 

– Reliable quantification of boundary condition (Beam induced bkg, etc)

– Detector hardware R&D

– Detector prototype testing + modeling of Digitization

– Full Detector Simulation & Modeling in fast simulation

– Software: 

● framework, 
● full simulation, 
● algorithm development

– Active user community, training program

● Profound international collaborations

● Recruitments + Visitings  
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CEPC Physics Study

Individual Theory/Pheno/Simulation Studies

Be general & interact with Detector

Topical Review

White 
Paper

● Contacts

– NP: Xuai, Jia Liu...

– EW: Jiayin, Zhijun...

– Flavor: Lingfeng, Lorenzo...

– QCD: Huaxing, Meng Xiao... 

– Higgs: Yaquan, Gang...

– Manqi, Liantao

● Topical reviews

– PFA

– EWPT & Early Universe

– Mono photon 

– LLP 

– Exotica (in. With Flavor)

– ...
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Impact of CSI

● If we find an observable that evaluates the performance
of CSI – and eventually veto events with bad CSI, we
can improve the accuracy on H->bb, cc, gg by ~ 2 times
at qqH channel. 

● Need profound understanding of QCD picture, and
developments of new tools
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Vcb from W decay
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Individual jet: jet clustering - matching

Jet Clustering & Matching is critical: 
ee-kt is used as CEPC baseline

Relative difference between Gen/Recojet
is define to be the detector jet response
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Individual Jet Responses

Jet Energy Response: 2.5 – 4 times better than LHC in the same Pt range, 
Jet Energy Scale: 3 times better before sophisticated calibration
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W-mass direct reconstruction at 240
GeV. Challenge & interesting

● W mass measurement at 240 GeV: 

– Statistic uncertainty @ 20 iab~ 
● 0.3 MeV using only μvqq final state
● Bias ~ 2.5 MeV once Z mass calibrated

to known value

– Ultimate accuracy?
● Can we better control the systematic

using the differential information?
● Control the jet confusion?...
● Identify & tame ISR? 
● Better calibrate?
● Can we maintain sufficient stability over

7/10 years? ... 

1E7 events @ 5.6 iab

Quasi analysis: JES calibrated to
pure ISR return qq sample
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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

● Observations

– For CP measurement, a Tera-Z can compete with LHCb @ HL-LHC
thanks to the capability of precise Jet Charge measurements... 

– Brings lots of critical information on measurements with neutral final
states...

– Yet, Pid is essential.  
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Timeline
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Taus: isolated or inside jets
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Tau id

eff ~ 25%, purity ~ 30%

eff ~ 65%, purity ~ 70%

eff ~ 80%, purity ~ 85% eff ~ 80%, purity ~ 85%
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Measurement of α using B0 → 2pi0
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Bs→J/ψϕ

Time resolution ~ o(10) fs
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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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Kshort & Lambda

High eff/purity reco. of charged 
Final states at least...
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Impact on benchmark: vvH, H→jets

Thanks to BMR ~ 3.8%!
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Three categories: b, c, & light

Hadronic Z pole sample

1 M Z→bb, cc, (uds) each

60/20/20% for 

training/validating/testing. 

Result on Testing sample
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Dependence on polar angle
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Comparison on Det. Optimization
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Comparison on Det. Optimization
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Model-independent measurement of σ(ZH)

0.9% 0.65%

● M. McCullough, 1312.3322 

● Recoil mass method. Combined
precision: 
δσ(ZH)/σ(ZH) = 0.5% -
δg(HZZ)/g(HZZ) = 0.25% 

● Indirect Access to g(HHH)

0.9% 1.5%

Zhenxing Chen & Yacine Haddad
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Higgs benchmark analyses
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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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Hadronic system (jet)
● Core of e+e- Higgs factory Physics measurements

– 97% of CEPC Higgs events are hadronic/semi-
leptonic

● Identify the hadronic system in semi-leptonic events

– lepton identification & missing energy

● 4-momentum measurement of the hadronic system:
BMR: Invariant Mass Resolution

● Jet response: essential for differential measurements

– Color-singlet identification Identify the origin of each
final state particle: Jet Clustering & Matching, or
beyond? 
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Test beam at CERN

● CALICE 

A B

C

D

E
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Vcb from W decay
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Detector study 
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Particle Net: IO

● Input: reco particles corresponding to 1 jet...

● Output: likelihoods to 11 different categories (sum =1)

11
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