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Higgs Physics at the CEPC

Manqi Ruan

On behavior of the CEPC Simulation Study Group
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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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A detector reconstruct all the physics object (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, ect

CEPC Conceptual detector, developed 
from ILD 
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Detector performance

Performance at full 
reconstruction

Benchmark separation 
distance < 3 cm

(Testing on 10 GeV Pion + 
5 GeV Photon Sample)

Found
&& With Right Energy
&& With Right Position
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Higgs analyses at Pre-CDR

Absolute measurements

Kappa-framework 
model-dependent measurements
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Status now

~50 independent analysis at 
Full Simulation level
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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% 

● Indirect Access to g(HHH)

0.9% 1.5%

Zhenxing Chen & Yacine Haddad
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Workflow for Br(H->bb, cc, gg) measurements
general event selection + Template fit

vvH events
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Br(H→WW)
H→WW/ZZ: Portal to Higgs width & perfect test bed for detector/reconstruction performance...

● Br(H→WW), Combined accuracy ~ 1.0% from 13 independent full simulation analyses

– 1.45% at llH, H→WW*→ inc channels, 12 independent channels.

– ~ 1.7% at vvH, H→WW*→ 4q channel (Preliminary. ILC extrapolation = 2.3%) 

– 2.3% at qqH, H→WW*→ 2qlv channel (extrapolated from ILC full simulation)

● High efficiency in event reconstruction
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Br(H→WW)

1.45%

< 1.9%

2.2%

● Full Simulation on 12 independent channels

– Very high object reconstruction efficiency

– Combined result: 1.1%

● Extrapolation from other ILC channels: 2.2%

● Combined: 1.0%
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Br(H→ZZ)

● Br(H→ZZ), explored at 18 different channels with full simulation (llvvqq, 4lqq, ll4q, 2l4v)

– 8 Channels has individual accuracy better than 25%: Combined accuracy ~ 5.4%

– 8 with accuracy worse than 25 - 50%

– 2 with accuracy worse than 50% (llH, H→ZZ→4q and vvH, H→ZZ→llvv)

● High efficiency in event reconstruction
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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%
If electron id efficiency ~ muon id: 4.8% 
If tau finder (used for veto) is mature: ??

TLEP extrapolation: 4.3%
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Higgs width measurement

Br(H->ZZ): relative error of 6.9% achieved with ZH->ZZZ*->vv(Z)llqq(H) final states. 
Extrapolation of TLEP result leads to 4.3% relative error

σ(vvH)*Br(H->bb): relative error of 2.8%

A combined accuracy of 2.8% for the Higgs total width measurements

● g2(HXX) ~ Γ
H→XX

  =  Γ
total

*Br(H→XX)
● Branching ratios: determined simply by 

– σ(ZH) and σ(ZH)*Br(H→XX)
● Γ

total 
: determined from: 

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

total
)

– From σ(ZH)*Br(H→bb), σ(vvH)*Br(H→bb), 
σ(ZH)*Br(H→WW), σ(ZH)
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μμH

Br(H→ττ) & Br(H→Zγ)

Br(H→ττ): 3% accuracy acquired by mumuH channel; overall accuracy < 1% (Dan Yu)

H→Zγ events: 4σ signal (Weiming Yao)
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Higgs rare decay
Feng Wang, Jianhuan Xiang, Yitian Li. etc Binlong Wang, Zhenwei Cui

Br(H→γγ): ~10%
Br(H→μμ): ~12% 

(Exclusive analysis)

vvH

qqH
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Exotic: Higgs invisible decays

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

Assuming sigma(ZH)*Br(H->inv) = 200 fb
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Up limit of Br(H→ee) & Br(H→eμ)

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
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● Typical processes in 2HDM & NMSSM

● Joint efforts by HK Cluster and IHEP

– Study proposed by T. Liu

– Main analyzer, Jiawei Wang, Kevin & Zhenxing Chen

● 95% CL up limit ~o(10-4).

H→Exotic, Hadronic

Semi-invisible Visible
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H→Exotic, Hadronic
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Summary
● CEPC, an electron-positron Higgs factory & an precision EW machine, 

expecting 1M Higgs bosons

– o(0.1-1%) level accuracy in absolute measurement of Higgs Branching ratio and 
couplings 

– Higgs total width measured to 2.8%

– Good access to SM Higgs rare decays (μμ, γγ, Zγ)

– Higgs exotic decays, limited to better than 0.1% level

– EW Program significantly enhance the access to the New Physics

● Complementary to LHC & Linear Colliders

– + LHC, enhance the access to rare decays;

– + Linear Colliders, enhance the measurement to the Higgs boson width;

– Both provide direct access to g(Htt) & g(HHH)
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Back
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CEPC-SPPC

● Electron-positron collision phase

– Higgs factory: collision at ~240 - 250 GeV center-of-mass energy, Instant luminosity ~ 2*1034 cm-2s-1 , 
1M clean Higgs event at 2 IP over 10 years

– Z pole operation for precise EW measurement

● Proton-Proton collision phase

– center-of-mass energy constrained by tunnel circumference and high-field dipole 

– Peak luminosity ~ 1*1035 cm-2s-1 (ArXiv: 1504.06108, discussion on needed Luminosity)

● Tunnel circumference: 54 km in the baseline design. Longer tunnel to be evaluated. 
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EW Physics

From 10 Billion Z bosons + the data at Higgs runs
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New Physics Reach via dim-6 operators
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Status
PreCDR (Jan 2015) Now (Aug 2016)

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% 1.0%

σ(ZH)*Br(H→ZZ) 4.3% 4.3%

σ(ZH)*Br(H→ττ) 1.2% 1.0%

σ(ZH)*Br(H→γγ) 9.0% 9.0%

σ(ZH)*Br(H→Zγ) - ~4 σ

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) <10-3 3.0e-4

Br(H→ττ) via Z to ll

Weiming Yao

Dan Yu
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From Hits to 
Final State Particles

Goal: ... Access the origin of 
every detector hit ...

vvH events
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Z→2 jet, 
H→2 tau

Z→2 muon, 
H→2 b

ZH→4 jets 

Z→2 muon
H→WW*→eevv
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Specific Final State...
Overlap with lots of PU events
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e+e- and pp complementary
o(109-10) Higgs at SPPC

Event rates measured at pp collision

e+e- collider: provide anchor for absolute measurement (total width, etc)

pp collision has direct access to g(HHH) & g(Htt) and better access to Higgs rare decays

ArXiv: 1310.8361 [hep-ex]
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Higgs measurements at 
electron/positron & proton colliders

Productivity Finding 
efficiency

Remarks

LHC
Run 1: 106 

Run 2/HL: 
107-8

~o(10-3)
Lots of Pile Up; Large theoretical/systematic 

uncertainties. 
Access to signal strength in major decay channels; 

Access to g(HHH)/g(Htt).

CEPC 106 ~o(1)

Absolute measurements in very clean environment;
o(0.1%) accuracy on key observable (g(HZZ));

Excellent precision to total width, invisible/exotic 
decay ratios;

Indirect constrain to g(HHH)/g(Htt);

SPPC 109-10 ? Good access to Higgs rare decay/generation,  
g(HHH)/g(Htt),

High complementarity between electron-positron & pp colliders 
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EW@CEPC
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Higgs @ LHC

PP collider: High productivity but low finding efficiency
~already 106 Higgs in Run 1 data...

Higgs signal: found via the decay final states. 

σ(AA→H→BB) ~ g2(HAA)g2(HBB)/Γ
total
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