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Physics at electron
positron Higgs factories

Manqi Ruan
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The Higgs field: one of the two pillars of
the SM

Higgs 

Gauge
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Mysteries of Particle & Universe
● Inflation

● Mass hierarchy 

● Neutrino mass & Oscillation

● Matter anti-matter asymmetry

● Vacuum stabilities: depends on particle mass

● Origin of Dark matter and its/their mass, nature of Dark energy 

● Naturalness: EW - Higgs mass V.S. Planck scale

● Flavor Structure: mass & flavor eigenstates 

● We don't know why Nature choose the Standard Model (SM): 知其然不知其所以然

● Being the heart of the SM and the mass origin: The Higgs field (particle) is the key
to understand these mysteries
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Higgs measurement at e+e- & pp

Yield efficiency Comments

LHC
Run 1: 106 

Run 2/HL: 107-8
~o(10-3)

High Productivity & High background, Relative
Measurements, Limited access to width, exotic ratio,

etc, Direct access to g(ttH), and even g(HHH)

e+e- Higgs
factory

106 ~o(1) Clean environment & Absolute measurement,
Percentage level accuracy of Higgs width & Couplings

e+e- cross sections

Complementary



1/12/2023 Higgs2023@IHEP 6

Consensus on electron positron
Higgs factory
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Multiple e+e- Higgs factory proposals
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Yields ~ Xsec * Lumi * Time

● CEPC：

– 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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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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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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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% 
With 1 Million Higgs bosons (5.6 iab)

● Indirect Access to g(HHH)

0.9% 1.5%

Zhenxing Chen & Yacine Haddad
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Physics reach via Higgs at CEPC
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EW measurements & SMEFT
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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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At FCC, ILC, CLIC, MuC...
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Polarization, sqrt(s), Luminosity & Access

You can find more details in talks of Jiayin, Ivanka, etc
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Flavor Physics White paper
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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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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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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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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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CEPC - Accelerator at 2023
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Reviews on Accelerator TDR, etc

Tech. Review June 2023 Cost. Review Sep 2023 Dom. Civil. Engineering Review 

IAC endorsement Oct 2023

“After a site has been selected, the construction of CEPC could start in
2027/2028. The committee endorses this plan.”

Invite you to read the latest version of: CEPC TDR draft

This version is almost converged to the final one, but we will make the necessary
adjustments and polishing later.

Sincerely inquire if you would be willing to sign the TDR authorship. If you agree
to sign, please fill in your information in TDR Authorship Collection page.

We will also appreciate if you could kindly help to invite people from your
institutes or collaboration group to sign.

Your continuous support is essential

https://docs.ihep.ac.cn/link/AA9FC882F906714CE1BC59DAF3BB048A60
http://indico.ihep.ac.cn/event/20817/registrations/1668/
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Summary
● Electron Positron Higgs factories: gigantic leap from LHC & current knowledge boundary

● Physics studies: science reach iterates with detector design/optimization studies

– Community activated, many new ideas/results

– International communication/collaboration is essential

– CEPC Physics White papers in progressing

● Flavor Physics at Tera-Z: strong comparative advantages, access NP of 10 TeV+

– Accesses to Un-seen, orders of magnitudes improvements, multiple center of mass energies...

● Extremely rich physics program results in stringent requirements on the detector
performance, to be addressed

– CEPC: Significant efforts towards the RDR (reference detector design TDR)

● New tools, especially AI, significantly alter the physics study/detector design

● 11 years of endeavor: Technologically ready to construct CEPC (TDR)

● Given the science merit of electron positron Higgs factories, we hope at least one of
those facilities will be constructed soon
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Backup
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Physics study: 2023

White papers +

~300 Journal/AxXiv citables
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Higgs benchmark analyses
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Applied to Z FCNC (Preliminary)

● @ Tera Z using template fit

● Calibration & Systematic control is critical
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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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A lot to scan!!

● A lot to be understood...

– V.S. Scaling of Jet energy, Polar angle/eta, 

– V.S. Collision environment: beam background, # PU

– V.S. Detector geometry: VTX configuration, acceptance, etc

– V.S. Jet Clustering algorithm, interactions with jet finding & Color Singlet
identification

– V.S. Different hadronization & fragmentation modes...

–

– V.S. algorithm architecture

– V.S. training & implementation procedure... 
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