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CEPC Physics studies
and White Papers

Manqi Ruan 
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Status & Overview
● CEPC: 100 km Higgs factory producing also huge statistic of Z, W, and

potentially top quark, aiming at discovering New Physics Beyond the SM

– 2012: Proposed right after the Higgs discovery

– 2015: PreCDR delivered, no showstopper identified

– 2018: CDR released

– 2023: Acc. TDR published, Technology & Design ready for construction

– 2025: Det Ref TDR, Physics White Papers

● Proposed to start construction in ~2027
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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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Physics study: 2024

White papers +

~300 Journal/AxXiv citables
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Higgs + Snowmass white papers

Summarize ~ 20 citables. 
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Physics reach at CEPC via Higgs, etc
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Flavor white paper
● Updates in 2024 

– Benchmark number increased
from ~ 20 to ~ 50, especially with
Jet Origin ID. 

– Bs-relevant CKM measurements

– Spectroscope, LFV, LFU 

– ect
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Global Impression: tentative

See the non-seen: i.e, Bc→tauv, Bs→Phivv
Orders of magnitudes improvements (1 – 2.5 orders...). 
Many ongoing study especially towards CKM measurements (i.e. Bs→DK)

Statistic. 
only

● Credit: Jianfeng Jiang
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Jet origin id

● 11 categories (5 quarks + 5 anti quarks + gluon) identification, realized at Full Simulated di-jet events at
CEPC CDR baseline with Arbor + ParticleNet 

● Improves Higgs rare/exotic hadronic decay measurements by 3 time – two orders of magnitudes

● Published in PRL. Comment from the referee: "demonstrate the world-leading performance of tagger", "a
"game changer" and opens new horizons for precision flavor studies at all future experiments."
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Vcb from semi-leptonic W decay

Contributor: Hao Liang, Lingfeng Li, etc
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Vcb: Systematic controls

● Dedicated discussion on systematic, mainly dominated by jet origin id performance
calibration + background yield uncertainties. 

● In pace with FCC studies (estimated using full hadronic events).

● Similar method could be applied to Vcs (suggested by IDRC) and Vts (from top
decay), and even Z FCNC (statistical up-limits of 1E-6 to 1E-7, while Calibration &
systematic control need real breakthrough)

● Hao Liang & Lingfeng Li:
Submitted to JHEP
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Lepton Flavor Violation

● Credit: Lorenzo Calibbi (Left) + Qin qin (right)
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New Physics white paper

Contents extends from 40 pages → 200 pages...

2023 2024

● Credit: hanhua Cui,
Yu Gao, Xuai Zhuang
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Exotic decays

● Credit: Zhen Liu, Jia
Liu, Xuai Zhuang, etc
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Phase Transition in early Universe

● Credit: Michael Ramse Musolfy, Kepan Xie, etc
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Dark sector

Dark Sector from Z/H
associate production

Vector portal DM

● Credit: Jia Liu, etc
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LLP, especially with Far detector

Far detector could enhance & complement the near detector
(main detector) sensitivities; 
While the understanding of background is the key issue. 

● Credit: Kechen Wang,
Yongchao Zhang, etc
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Electroweak white paper

Reviewing anticipated 
Experimental Input,

And to include updated
Higgs + top measurements

● Credit: Jiayin Gu, etc
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● Submitted to EPJC

● Credit: Zhenyu Zhao, etc
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Top + differential measurements
Top quark mass measurements 4-fermion interactions constrained

from asymmetries (Xsec, forward-
backward & polarization) at Z pole

https://indico.ihep.ac.cn/event/22089/contributions/169056/att
achments/83388/105766/202410_hz_cepc.pdf

As well as top quark coupling measurements...

Eur.Phys.J.C  83 (2023) 4, 269

● Credit: Xiaohu Sun, Zhan Li
(Left), etc; Zhuoni Qian (Right)
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● Statistic uncertainty reduced by 2-3 orders of magnitude – systematic & theoretical
uncertain dominants.  

QCD: α
S
 measurement from tau decay 

● Credit: Yuzhi Che
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● Similar to the measurement from tau decay, sub-percentage level statistic
uncertainty easily achieved, need dedicated study on theoretical &
systematic uncertainty

● Credit: Zhen Lin,
Submitted to JHEP

α
S
 from Energy Energy Correlator (EEC)
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Hadronization... a key challenge
● Credit: Hanhua Cui
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Interact with detector R&D: requirements
● BMR performance: 4% as a must, to separate qqH from qqZ bkgrd. 

– While improve to 3% could save ~ o(10%) Luminosity, benefit all measurements
with hadronic final states

● Decent Pid ~ Kaon reco eff & purity > 95% 

– dE/dx or dN/dx < 3% in the barrel region + ToF with ~ 50 ps resolution

● Decent Jet origin id: PFA + VTX + Pid. 

● EM resolution: ~ 3%/sqrt(E) for B
0
/B

S
 separation with EM final states (Δm ~ 100 MeV)

● Track: dP/P ~ 0.1% for H→di muon, Flavor Physics studies, etc 

● Muon Chamber: Muon-id in the fwd + LLP searches. 

● Addressed by Ref-TDR studies

● 1-1 correspondence reconstruction = confusion free PFA + excellent Pid

● Many questions need to be addressed: impact of Beam induced background + event
building



09/11/2024 Tianwen@Luoyang 25

Mapping with Arbor + AI

Replace HCAL in CDR baseline with a thick GS-HCAL (5λ → 6λ)

~ 95% of the visible energy is mapped to reco-particle with 1-1 correspondency. 
~ 90% are well reconstructed: has the right composition of clusters & tracks.
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Detector change: BMR 3.7 → 3.4; 

AI enhanced reconstruction: 3.4 → 2.8.

Impact from Beam induced background + impact on objects inside jet reco: to be evaluated.

BMR of 2.75% reached



09/11/2024 Tianwen@Luoyang 27

Pid in the 'well reconstructed'
particles category

'well reconstructed' = reconstructed particle with no confusion + 
both track + cluster for charged reconstructed particle
~ > 90% of total visible energy 
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Excellent 1-1 correspondence
prospective: preliminary

Scenario 1: Lepton + charged Kaons id, default scenario
Scenario 2: Lepton, Charged Kaons, Klong - Kshort, 

Neutron – Anti Neutron, Lambda/Lambda-bar
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Interact with detector R&D: benchmarks

● Recommendation From IDRC

A shorter list...
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Editors, Contributors, & Reviewers
● Flavor: submit to ArXiv in a few weeks 

– Main editors: Lingfeng Li (Brown U), TaoLiu (HKUST), Fengkun Guo (ITP), Lorenzo Calibbi
(Tianjing U), Xunwu Zuo(KIT) 

– Contributors: Qiangxin Li (CCNU), Qin Qin (Huazhong S&T), Zhihui Guo (XJTU), etc

– Reviewed by: Soeren Prell (ISU), Andreas Crivellin (Zurich U), Alberto Lusiani (INFN), Haibo Li,
Changzheng Yuan, Caidian LV, etc. 

● EW: internal review at the end of 2024

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

– Contributors: Yong Du (TD Lee institutes), Zhuoni Qian (HNU), Hulin Zhang (CCNU), etc

● NP: internal review at the end of 2024

– Main editors: Jia Liu (PKU), Xuai Zhuang(IHEP), Liantao Wang(Chicago U), + Yanyan Gao
(Edinburg U), Michael Ramsey-Musolf (TD-Lee)

– Contributors: Zhen Liu (Minnesota U), Jiayin Gu (Fudan U), Kecheng Wang(WUST), Yongzhao
Zhang (SEU), Zhao Li (IHEP), Yu Gao (IHEP), Kepan Xie (SYSU), etc

● QCD: Exploring phase, Many ppl involved in discussion: 

– Huaxing Zhu (PKU), Meng Xiao (ZJU), Jun Gao (SJTU), Zhao Li (IHEP), Yanqing Ma (PKU),
Haitao Li(SDU), Yuming Wang(Nankai U), Dingyu Shao (Fudan U), etc
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Summary
● CEPC Physics: See the non-seen, boost our horizon by orders of magnitudes

● Clearly... we need 2 phases of CEPC Physics study

● Phase-I: To meet the timeline of next year's project proposal

– White papers: Lots of relevant studies collected, in synergy with international efforts especially
ECFA studies

– Visionary summarization/interpretation is needed

● Phase-II: to address the critical challenges creatively, including... 

– Detector design & Optimization

– Reconstruction algorithm + AI, to pursue 1-1 correspondence, and to integrate into general
software framework

– Dedicated discussion/studies toward 

● QCD Phase Transition – Hadronization

● High precision calculation.

● Synergies with GW, Cosmology & Early Universe, and other frontiers

● Calibration of advanced reco, i.e., JoI etc. 
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Back up
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Identification of particles
With E > 10 GeV.

Many neutral particles 
Mis-identified as 'others' - 
consists mainly of High 

energy Ks and Lambda that 
not yet decayed inside

tracker volume 

...New & Tentative... 
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B-charge flip rate: Bs oscillations

● See Mingrui's talk for more details
(https://indico.ihep.ac.cn/event/22089/contributions/1
68047/attachments/83473/105931/slides_CEPCwork
shop.pdf)

Suggested by Roy Aleksan from CEA



09/11/2024 Tianwen@Luoyang 35

Spectroscope: T(bbud) 
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Neutrinos, SUSY
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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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...In principle...

...surly the Systematic control & JoI Calibration need breakthrough method... 
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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 - PID
– Larger acceptance, Excellent intrinsic

resolutions, Extremely stable...

● Be addressed by detector design, technology,

and reconstruction algorithm
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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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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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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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