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Higgs Physics at CEPC

Y. Fang, G. Li, Q. Li,  M. Ruan

On behalf of the CEPC simulation group 
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Higgs program at CEPC

Observables: Higgs mass, CP, σ(ZH),  and σ(ZH, vvH)*Br(H→X) 

Derive: Higgs width, Br(exotic), absolute values of branching ratios & of couplings
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A detector reconstruct all the physics objects (lepton, photon, tau, Jet, MET, ...) with high 
efficiency/precision

High Precision VTX located close to IP: b, c, tau tagging
High Precision Tracking system: δ(1/Pt) ~ 2*10-5(GeV-1)

PFA oriented Calorimeter System (~o(108) channels): Tagging/ID, Jet energy resolution, etc

CEPC Conceptual detector, developed
from ILD 
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PFA oriented Detector &
Reconstruction

g jets c jets Jets leptons
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Higgs measurements: status

Flavor of accompany
fermions

ll, 

Higgs decay
Final state

qq/gg

μμ/γγ

WW/ZZ

ττ

ττ vv qq

Full simulation

Partially full simulation

Not covered yet
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Model-independent measurement of σ(ZH)

0.9% 0.65%

Phys. Rev. D 90, 015001 

● 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
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Higgs width
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Br(H->bb, cc, gg) measurements

vvH
events

More details
 see Yu Bai's poster

 B(H->bb)/Br(H->bb) ~ 0.2%
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Br(H→WW)

1.6%

2.3%

2.2%

● Full Simulation on 12 independent channels

– Very high object reconstruction efficiency

– Combined result: 1.57%

● Extrapolation from other ILC channels: 1.59%

● Combined: 1.12%

~3.5%

~4%
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Br(H→ZZ)

Full Simulation analysis performed on 16 independent channels. 
8 Channels acquire accuracy better than 25%. 

Combined accuracy:  5.4%
       TLEP extrapolation: 4.3%
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σ(vvH)*Br(H→bb) and Higgs width

● Accuracy of σ(ZH)*Br(H→bb) = 2.8%

● Γ
total 

: determined to: 

– 4.4% from σ(ZH) (~g2(HZZ)) and
σ(ZH)*Br(H→ZZ) (~g4(HZZ)/Γ

total
)

– 3.3% from σ(ZH)*Br(H→bb),
σ(vvH)*Br(H→bb),
σ(ZH)*Br(H→WW), σ(ZH)

– Combined accuracy: 2.7%

More details: see Zhenxing's presentation
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BSM
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Higgs invisible decays

Invisible upper limit at CEPC: 0.14% at 95% C.L

Assuming sigma(ZH)*Br(H->inv) = 200 fb
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95% up limit: Br(H->ee) = 1.7e-4;
Br(H->emu) = 1.2e-4; 

Lei Wang Assuming sigma(ZH)*Br(H->ee/eμ) = 200 fb

H→Exotic, Leptonic
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H→Exotic, Hadronic
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Higgs measurements: accuracies
PreCDR Present

σ(ZH) 0.51% 0.50%

σ(ZH)*Br(H→bb) 0.28% 0.21%

σ(ZH)*Br(H→cc) 2.1% 2.5%

σ(ZH)*Br(H→gg) 1.6% 1.3%

σ(ZH)*Br(H→WW) 1.5% 1.1%

σ(ZH)*Br(H→ZZ) 4.3% 5.4%

σ(ZH)*Br(H→ττ) 1.2% <1.0%

σ(ZH)*Br(H→γγ) 9.0% 9.0%

σ(ZH)*Br(H→μμ) 17% 17%

σ(vvH)*Br(H→bb) 2.8% 2.8%

Higgs Mass/MeV 5.9 5.0

σ(ZH)*Br(H→inv) 95%. CL = 1.4e-3 1.4e-3

Br(H→ee/emu) - 1.7e-4/1.2e-4 

Br(H→bbχχ, 4b) <10-3 Br(H→bbχχ) ~ 3e-4
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CEPC a precision experiment
● Many sub-percentage measurements

● Systematics should be taken into account in design stage

● Integrated luminosity must be ~ 1 per mille for σ(ZH)

● Beam energy calibration must be ~ 1MeV for Higgs mass,1MeV~10^-5

● ISR correction: (1+δ) change the cross section ~20%, which must be
corrected by MC:  already 0.5%?

● Interference effect in mass measurement: H->2γ, 20-50MeV shift  

σ
born

=σ
obs

/(1+δ)σ
born

=σ
obs

/(1+δ)σ
born

=σ
obs

/(1+δ)σ
born

=σ
obs

/(1+δ)

Chin. Phys. C40 (2016) 3, 033101
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Summary
● CEPC Higgs Physics

– σ(ZH),  Total Width, absolute branching ratios, invisible/exotic decays

– Requirements on the detector/reconstruction/systematics 

● Significant Progress since PreCDR, toward CDR and a realistic experiment

● Perspectives 

– Two detector geometries: pure silicon detector initialized 

– Iterate with Detector Design/Optimization

– Systematics -> detector design/optimization: reconstruction, tracking, PID, jet flavor
correlation,  luminosity monitoring, beam energy calibration, ISR correction,
interference effects ... 

● Welcome to join this effort


