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CEPC physics & AI Usage 

Manqi
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 ~ 500 Physics citables

CEPC: 4 Million Higgs + 4 Tera Z...
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White papers
● Higgs: 2019, CPC

● ESPPU input: 2019 ArXiv

● Snowmass input: 2022 ArXiv

● Flavor physics: 2025, CPC 

● New physics: CPC, Accepted 

● Current focus

– EW White paper

– QCD studies

– Reco & Det. Optimization

– ...

https://inspirehep.net/literature/1699545
https://arxiv.org/abs/1901.03170
https://inspirehep.net/literature/2084168
https://inspirehep.net/literature/2863363
https://inspirehep.net/literature/2927088
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Flavor Physics

See the non-seen: i.e, Bc→tauv, Bs→Phivv
Orders of magnitudes improvements (1 – 2.5 orders...). 
Access New Physics with energy scale of 10 TeV, or even above
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Flavor Physics
● A recent study: Time dependent CP

measurements with Bs→Phi + Gamma

– One order of magnitude
improvement compared to LHCb

– Dependence on ECAL & Pid
quantified

● A long wish list... 

– Matter origin

– CKM measurements 

– CPV

– Interplay between QCD & Flavor

– ... 
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New Physics

https://arxiv.org/pdf/2505.24810
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New Physics

Decisive for 1st order EWPT detection in early Universe...
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New Physics

Dark matter: from Higgs & Z portals: orders of magnitudes improvements.

SMEFT etc, Access to NP ~ 100 TeV...

Leptongenesis, NP signature, like LLP & SUSY particles, are intensively discussed.
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2022 Snowmass: Higgs, EW + SMEFT 
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2026...

● Science merit of CEPC Higgs program

– Absolute measurements; 
Higgs width;  
Exotic decays, i.e., H→inv;     
2nd generation Yukawa, cc & ss; 

– Boost precision by 1 order of magnitude  –
being challenged...

● LHC doing well

– Higgs yields of ~o(100M)...

– Usage of AI tools

– Trigger rate ~ 0.3%, Theoretical uncertainty
dominant, might be further improved
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Current focus: EW
● Objective: A major update since Snowmass (2022), cover Higgs + EW

– Nominal Luminosity

– AI usage... 

● Holistic approach

– Jet origin id
– Multi-heads event classification

● Color singlet identification
● Supporting studies...

– Theoretical uncertainties 
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● 11 categories (5 quarks + 5 anti quarks + gluon) identification, realized at Full Simulated di-jet events at CEPC
CDR baseline with Arbor + ParticleNet Published in PRL 132, 221802 (2024). 

● Strong impact on all physics measurements with hadronic final states

● i.e., weak mixing angle measurements with ss final states, and verification of its RG behavior using months of
data taking at c.m.s. slightly off Z mass peak: EPJC (2025) 85:993

Hao Liang, Yongfeng, etc

Holistic Reco: Jet origin id
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From specialized Models to LLM

● Comparable result with different scaling behavior

● Para. Numbers: PN 360k, ParT 2.4M, BINBBT(Large
Language Base Model) 150 M 

● More details at: https://arxiv.org/pdf/2412.00129
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Extend to speakable LLM...

https://arxiv.org/abs/2510.00129 
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Holistic Analysis: vvH, H→2 jet

● vvH, H→bb/cc/gg/ss measurements: 4 kinds classification

● Simplified analysis with irreducible background... 

● H→bb/cc/gg: close to the statistic limits - 2-6 times better than previous studies
(include other bkgrd, BDT based, etc)

● H→ss: close to confirmation!
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Color Singlet Identification

e.g. at full hadronic ZH event
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Advanced CSI using AI

Yongfeng, Hao, Yuexin, etc
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Scaling...
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Holistic + ACSI: improves the accuracy by 2 – 6 times, 
in principle free from human intervene (if the simulation is good enough...)
Strongly depends on Hadronization modes... 

ACSI makes a leap even from Holistic, but still has significant room to improve.

H→ss within the reach at toy analysis: clarify the conditions to confirm this decay mode.

...Preliminary...

https://arxiv.org/pdf/2506.11783

Holistic approach + ACSI 
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Updated comparison

● LHC mainly dominated by theoretical/systematic... 

● CEPC Holistic/ACSI approach the statistic limit – more luminosity is appreciated 

● CEPC numbers not include theoretical uncertainties... 

● CEPC numbers are based on fast simulation: modeling an 1-1 correspondence Detector. 

...Preliminary...

...With 4M Higgs... 
L. Zhang, J. Jiang
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1-1 correspondence reconstruction

https://arxiv.org/abs/2411.06939 

Final state 
particles
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1-1 corresponding type: contributing to the BMR via resolution: ~o(0.1 – 0.001) of
its mean value

Double Counting & Lost type: contributing to the BMR ~o(1) to its mean value

BMR decomposition @ AURORA
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Pid: differential performance

Neutral Hadron ID: 5d Calorimetry with ToF capability (δt~100 ps/hit)
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Detector change (usage of high density scintillating glass HCAL): BMR 3.7% → 3.4%; 

AI enhanced reconstruction: 3.4% → 2.8%.

Recent update: further optimization + Pid, etc, current value ~2.68%

BMR of 2.75% reached
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Design-4: Glass + Silicon
● Geometry

– Glass provide Energy
measurement, Glass portion
close to 100%... 

– Silicon emphasize on Timing
& Position

– Optimized granularity at
different location/depth

● Comments

– Understand & verify the EM
resolution of Glass... 

– Quantify the impact of Glass
transparency

– Mechanic & Cooling
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BMR: from CDR to possible future...
2016 - CDR: BMR ~ 4% Aurora: BMR ~ 2.7%2024 - AURORA: BMR ~ 2.7% Future: BMR ~ 2.0%
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QCD relevant studies 

● Strong coupling determination with EEC/b-decay: ...theoretical uncertainty dominant...

● Analyzing hadronic events, color singlet identification with AI tools, as well as Impact of hadronization

● Approach LEP data & bridge to b/c factories 
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To address the theoretical uncertainties: Precision
calculation for electron positron collider

● Led by Michael (MJRM) with strong international participation

● Quantify the status... and maybe establish the roadmap to
control the theoretical uncertainties...
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AI: No free lunch! - Necessary studies...
● Hadronization & impacts... 

● Beam induced backgrounds & machine protection

● Event building with realistic detector time response, including electronic pulse shape & time sequence... 

● TPC & Tracker: 

– Dependence of dE/dx or dN/dx performance on the shifting distance & readout threshold/Noise 

– Ion distortion VS shielding & possible correction 

– B-Field mapping

– Mechanic stability 

– Low Pt track reconstruction

● Calorimeter

– SiPM: response uniformity & Dynamic range, especially towards large Tile/Bar configuration in ECAL

– Requirement on the Attenuation length for scintillating materials... 

– Homogenates in space & stability in time 

– Development of Energy & Time Estimator... 

● Dead zone/dead channel tolerance

● Performance degrading with Noise: rates, intrinsic, and radiation relevant ones

● Calibration Procedure & Monitoring methodologies...

● ... 

● AI oriented systematics & mitigations... From supervised learning, to
non/weakly-supervised, enhanced, LLM...
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Targeted studies
● Usage of Timing, especially at 5d calorimetry

– Clustering with time

– PFA of the Space Time... to reconstruct all final state particles      
in the data stream continuum, and correctly associate them with 
different VTX & sources, including Beam Induced Background

● Holistic approach with sufficient categories (Multi-class identification)

– ~o(100) categories is sufficient... to identify almost all physics events at a Higgs factory

– ~o(10) is probably sufficient for Z factory 

– Free of human intervene – in principle 

● Color singlet identification & iteration with QCD studies

● From leaves to the Tree: 

– Id the parenting info of final state particles; i.e., B→D→K→pi0→γ... 

● ...
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Summary
● ... CEPC has strong discovery power: leap of orders of magnitudes ...

● Flavor & NP White papers delivered in 2025

– Address the EWPT, DM, & multiple observation windows.

● EW WP: a major update with strong engagement of AI technology, which roughly boost the
discovery power by 3 folds at Higgs observables

– Holistic approach for classification + ACSI for grouping

● Reco: Jet origin id, 'see' the quark & gluons... 

● Analysis: in principle free from Human intervene. 

– Multiple AI relevant challenges need to be addressed... 

● From supervised learning, to non/weakly-supervised, enhanced, LLM...

● Rich interplay & synergies with AI studies... 

– 1-1 correspondence reconstruction: excellent PID + BMR of 2.7%, where 5-d calo is the key

– Theoretical uncertainty: hope to achieve much profound understanding via PCEPC &
collective efforts

● AI: the trend, lots of interesting interplay anticipated...
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Back up
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Performance requirements of H→ss
measurements

Stringent requirement
on performance,

especially BMR, etc...

Y. Zhu@SJTU
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15*15*400

10*10*400

From report in May CEPC day, using 10*10*400 xstal bar

Comparison
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Pid

Kaon id: TDR has larger inner TPC radius. To be verified & confirmed quantitatively.

Lepton & neutral Kaon id: relatively limited info. From ECAL in TRD.

Muon det. Info not available in current PFA (both Cyber & Arbor), to be improved.
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JoI at TRD, CDR & AURORA (ideal)

Using truth Pid, TRD has better JoI than CDR detector, as it uses longer Barrel + stitching VTX

Pid at TRD is limited, will degrade the H→ss measurement... (software version 0401, not 1-1)

Neutral Hadron ID has strong impact on Light Quark ID: Critical for in H→ss (to be quantified...)
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Performance changes
● From CDR to TRD

– Stitching VTX 

– Glass HCAL

– Larger inner radius of TPC

● To be optimized especially in pace with BIB study  

– Xstal Bar ECAL  (15*15*400 mm)

● Hard to identify neutral particles, especially low energy ones, at busy
super cell. 

● Timing information: used to determine the position, and not good
enough to support Pid determination 

● Granularity & layout Need to be optimized 

– TRD tracking algorithm is actually better than CDR
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Summary
● LHC is expected to deliver percentage level Higgs measurements (ESPPU 2026), challenging

the narration of 1 order of magnitude improvement at CEPC. 

– LHC still has potential to improve... in pace with high precision theoretical calculation, AI
usage especially in trigger, etc.  

● CEPC shines with Higgs width, invisible, etc. But we need to further develop the scientific merit

– Higgs to strange, 2nd generation Yukawa

– Higgs to NP (like H→4b for EWPT, etc)

● Receipt to maintain this “1 order” advantageous of CEPC

– 10 Million Higgs would be ideal. 

● More detectors, higher instant luminosity, and maybe longer operation

– Holistic + ACSI, enhance the discovery power 3 times & identify H→ss decay, requiring 

● 1-1 correspondence... 

● Lots of profound studies are needed...

● Optimization suggestion for TRD

– TPC inner radius, and ECAL configuration especially granularity 
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Impact on Physics

Improved by ~3 times

Improved by 1-2 orders of magnitudes
~ 2 folds improvement at H->cc & Vcb

Presumably... firstly quantified
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...+ Significant impact on Flavor Physics measurements, i.e., those with Bs oscillation...
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Recent updates... preliminary

● Current Best: ~ 10% improvements in M11

– Change AI architecture, with extend input variables 

– Vertex optimization

– ...

● To do: 

– Scan on generator/hadronization models, 

– Better reconstruction of intermediate particles (pi0, phi, Lambda, Kshort, etc)...

- =
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Observation consistent with Physics Briefing book of ESPPU 2026 
FCC-ee 2.26 M @ 240 GeV + 0.46 M @ 360 GeV
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Anticipated Higgs precisions... updates

Preliminary!
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Higgs & Snowmass White Paper
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CSI: bottleneck for measurement at
full hadronic events

● H→cc & gg measurements at qqH channel is much worse vvH channels, despite the
former has 3.5 times more signal statistic 

● Reason: Failure of Color Singlet Identification – to distinguish the decay products of
each Color Singlet 

– Z & H for 240/250 GeV Higgs factory

– Which Higgs boson for Higgs self-coupling (i.e., at vvHH events at 500 GeV, etc)

JHEP11(2022)100
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...+ Significant impact on Flavor Physics, 
i.e., those with Bs oscillation...
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V.S. Hadronization models

● Much severer descriptions.. in exclusive measurements (i.e., specific hadron
generation, decay, etc)
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b-jet: leading b-hadrons & flip rates
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Fast/Full Simulation

● Delphes ~ Perfect PFA (1 – 1 correspondence.. )
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Anticipated Higgs measurements

With Holistic approach.. 

Preliminary!
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Perspectives with 1-1 correspondence

Jet (hadronic events) with Calo

Jet with PFA

Charged in Tracker

Neutral in Calo

Jet with 1-1

Charged in Tracker + ToF

Neutral in Calo + ToF

● 5d calo is critical: ToF for all visible particle, thus Pid...

– Assume Low energy neutrons & secondary particles can be tamed... still challenge...
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...RIP...
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