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Dark matter search at
the CEPC: via Higgs

decay

Manqi Ruan
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Higgs: linked to many known
unknowns of the SM

● 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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Science at CEPC-SPPC
● Tunnel ~ 100 km

● CEPC (90 – 250 GeV)

– Higgs factory: 1M Higgs boson

● Absolute measurements of Higgs boson width and couplings
● Searching for exotic Higgs decay modes (New Physics)

– Z & W factory: ~ 1 Tera Z boson

● Precision test of the SM
● Rare decay

– Flavor factory: b, c, tau and QCD studies

● SPPC (~ 100 TeV)

– Direct search for new physics 

– Complementary Higgs measurements to CEPC g(HHH), g(Htt) 

– ...

● Heavy ion, e-p collision... Complementary
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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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Software & Reconstruction

Starting from the ilcsoft & rewriting all the PFA/high-level reconstruction algorithms. 
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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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Recoil mass method at ZH: Probing DM

● Key performance. 

– Lepton id & Tracker resolution, Beam energy spread control; 

– Reconstruction of the Hadronic System, i.e., the jets

Assuming 
Br(H->inv) = 10%

Recoil mass spectrum for σ(ZH) measurement, inclusive Z decay
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After the full event selection

Expected Accuracy 
at Br(H->inv) = 10%

~ o(1)%

sqrt(S+B)/S ~ 1.1% sqrt(S+B)/S ~ 7% sqrt(S+B)/S ~ 5%
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Up limited setting
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Key performance: reconstruction of
Hadronic system
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Interpretation at Higgs Portal model

Plots by W. Song

References: 

Higgs Portal: Physics Reports 842 (2020) 1–180
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https://arxiv.org/abs/1905.03764
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Conclusion
● The CEPC, an electron positron Higgs factory, is an excellent probe for dark matter

search via Higgs Portal

– Giving a Branching ratio of 10%, the H->invisible signal can be determined to a
relative accuracy of 1%. 

– The 95% C.L. up limit of Br(H->inv) can be set to 0.26%

● The recoil mass method, especially via the qqH channel, requires 

– A good reconstruction of the hadronic decayed Z boson is essential: the Boson
mass resolution is required to be better than 4%. 

● From LHC, to HL-LHC, to CEPC (electron positron Higgs factory with Higgs Yield ~ 1
Million), and to the SPPC (proton collider with 100 TeV c.m.s energy) in the far future,
the up limit can be improved by ~1 order of magnitude in each step. 
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Back up
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The Higgs field: one of the two pillars of
the SM

Higgs 

Gauge
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