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Physics at e+e- collider: 
Z, H, W, top, BSM & beam

parameter

Manqi Ruan
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SM is NOT the end of story...
● Hierarchy: From neutrinos to the top

mass, masses differs by 13 orders of
magnitude

● Naturalness: Fine tuning of the Higgs
mass

● Masses of Higgs and top quark: meta-
stable of the vacuum

● Unification?

● Dark matter candidate? 

● Not sufficient CP Violation for Matter &
Antimatter asymmetry

● Most issues related to Higgs
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Boson yields @ CEPC

CEPC Baseline Accelerator design: 

High productivity for all massive SM bosons.

At FCC: even larger productivities for Z, W, H & top 
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S/B ~ 1:100 - 1000

Observables: Higgs mass, CP, σ(ZH), event rates ( σ(ZH, vvH)*Br(H→X) ), Diff. distributions

Derive: Absolute Higgs width, branching ratios, couplings

Higgs @ CEPC
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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)

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

e+e- cross sections

Complementary
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Detectors
● CEPC:

– APODIS (Baseline) 

● A PFA Oriented Detector for HIggS factory
(Reference: ALEPH, SiD and ILD)

● Low material tracker + ultrahigh granularity
calorimeter (serve also as ToF) + large
Solenoid

● Dedicated MDI  

● Fully implemented into Geant 4 simulation and
full reconstruction 

● Optimized versus Physics Benchmarks

– IDEA (Alternative)
● Wire Chamber + Dual Readout based:

implementing into full simulation

● FCCee:

– CLD & IDEA 
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– Performance at 
● Lepton
● Kaon
● Photon
● Tau
● JET

● Arbor Reconstruction
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PFA Oriented Reconstruction

LEPTON

JET FLAVORJET/MET

Higgs mass:
σ/Mean =

3.8%

PHOTON

Higgs mass:
σ/Mean =
1.7-2.4%

Flavor

Higgs mass/GeV

Higgs mass/GeV

KAON
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Higgs Signals 

Higgs Signals at APODIS
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CEPC: absolute Higgs measurements

σ(vvH)*Br(H→bb) Br(H→ττ) Br(H→WW) 

σ(ZH) measurements Br(H→μμ) 

See Dan's talk for more detail
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Physics Potential on Higgs

● The nature of Higgs boson & EWSB, + flavor physics...

– Higgs signal strengths (In kappa framework): expected accuracy roughly 1 order of
magnitude better than HL-LHC

– Absolute measurement to the Higgs boson: 2-3% level accuracy of Higgs boson width, 10-3 -
10-5 up limit to Higgs invisible/exotic decay modes (improved by at least 2 orders of
magnitude comparing to HL-LHC)

Accelerator

&

Detector 

Well established
At conceptual level
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EW measurements at FCC/CEPC

● No “a priori wall” identified

● Key observables can be measured to an accuracy 1-2 orders of
magnitude better than LEP

● Systematic analysis: part of the requirement on Detector & beam
qualified.
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At FCC-ee
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30 keV/5 min
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Top physics@LC

Full Sim/Reco analysis

Observables: 
Top: mass, width, FCNC, ...
Top quark EW couplings
Top + Higgs: Yukawa coupling
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Top mass threshold scan

Pole mass accuracy significantly improved...

From the theoretical side: ppl still need to
understand what we really measured
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Top measurement at LC
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Exotic Higgs & Z decay modes, Dark photon, 
WIMP, sterile neutrino...
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Summary: Great opportunity
● The precise measurement of the Higgs

– Detector & Accelerator studies confirms 0.1 - 1/% precision

– Precision mainly limited by statistic

● EW measurement: no “a priori” wall on the precision, 

– Promising results in systematic study

– Still need huge efforts, especially on the theoretical uncertainty control

– Requirement on detector & beam calibrations are partly quantified -> and the
most important components is addressed (see Alain's talk)

● Top physics:  

– LC provides excellent coverage for the top associated measurements, which is
highly complementary to the HL-LHC

– Measurements also explored at FCC

● BSM: Promising 

– Exotic behaviors & New particle searching
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Thank you!
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Higgs @ LHC

S/B ~ 1:1E10 !!!

σ(AA→H→BB) ~ g2(HAA)g2(HBB)/Γ
total
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Complementarity: Low & High E
EM & Higgs & top
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Pheno-studies: EFT & Physics reach

G.Durieux, C. Grojean, J. Gu & K. Wang
https://arxiv.org/pdf/1704.02333.pdf

The Physics reach could be largely enhanced if the EW measurements is combined
With the Higgs measurements (in the EFT)
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● Expertise, synergies, consensus 
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